
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



^^^^^^^^^^^ 




BRANNER 
GEOLOGICAL LIBRARY 




i^k-i 






A% 



P«f«i.«.lP.p«N«.2« ^{t^S£it&LHi^V>^,W 



DEPARTMENT OF THE INTERIOR 

^NITED STATES GEOLOGICAL SURVEY 

CHARLES D. WALCOTT. DlBBCTOR 



ZINC AND LEAD DEPOSITS OF NORTHERN ARKANSAS 



BY 



GEORGE I. ^D^M:S 



ASSISTED BY 



A. H. FXJRDUE AND K. F. BURCHARD 



WITH A SECTION ON THE 



DETERMINATION AND CORRELATION OF FORMATIONS 



BY 



E. O. T^LRICH 




WASHINGTON 

GOVERNMENT PRINTING OFFICE 
1904 



c\ 



67D999 



- • • . • • * 
• • • • • 



. • • • 






CONTENTS. 



P&ge. 

Letter of transmittal 11 

Introduction 1 13 

Scope of this report 13 

Historical sketch 13 

Limits of the northern Arkansas district 14 

Transportation facilities 14 

Production of the district 15 

Prospective development 15 

Surface features '. 16 

General character of the country 16 

Physiographic relations of the Ozark Plateau and Boston Mountains 16 

Divisions of the Ozark Plateau 17 

Lowlands 17 

Previous surface features ■ 17 

Description of geologic formations 18 

Ordovician system 18 

Yellville formation 18 

Key sandstone 20 

Izard limestone 21 

Polk Bayou limestone .* 22 

Devonian system 22 

Sylamore formation 22 

Carboniferous system 24 

Mississippian series 24 

Noel shale 24 

Boone limestone and chert 25 

Moorefield shale 26 

Batesville sandstone ! 26 

Fayetteville shale 27 

Pitkin limestone 27 

Pennsylvanian series 28 

Morrow formation 28 

Winslow formation 29 

Grouping of the rocks with respect to ore deposits 29 

3 



4 CONTENTS. 

Page. 

History of physical changes 29 

Sedimentation 29 

Erosion 31 

Deformation '. 32 

Origin of structure 33 

Geologic conditions influencing circulation of ground water 34 

Synclines 35 

Relations of belt of weathering and belt of cementation 35 

Principal faults 36 

Rush Creek fault 37 

Tomahawk fault 37 

Pilot Mountain fault 37 

St. Joe fault 38 

Mill Creek fault 38 

St. Joe monocline 38 

Hurricane fault 39 

Ores and minerals 39 

Sulphide ores 39 

Zinc sulphide, or sphalerite 39 

Lead sulphide, or galena 39 

Oxidized ores 39 

Zinc silicate, or calamine 39 

Zinc carbonate, or smithsonite 40 

Hydrozincite 40 

Lead carbonate, or cerussite 40 

Hydrocerussite 40 

Tallow clay 40 

Associated minerals 41 

Dolomite spar, or pink spar 41 

Calcite, or tiff 41 

Secondary chert 41 

Quartz 41 

Iron sulphide, or pyrite 41 

Chalcopyrite 42 

Gypsum 42 

Epsomite ^ 42 

Goslarite 42 

Country rock 42 

Prevailing gangue minerals 43 

Genesis and classification of ore deposits 43 

Source of ores 43 

Classification of the ore deposits 44 

Processes of primary deposition of the sulphide ores 44 

Processes of deposition of the oxidized ores 44 

Secondary deposition of the sulphides 45 



00NTBNT8. 5 

Ores and mineralB— Continued. 

Genesis and classification of ore deposits — Continued. , Page. 

Sulphide deposits associated with secondary chert 45^ 

Sulphide deposits in bedded breccias 46 

Sulphide deposits in fissures 46 

Sulphide deposits in fault breccias 46 

Sulphide ore in the country rock 46 

Ore associated with quartz druses 46 

Descriptions of mines and prospects , 63 

Boone County 63 

Northern Star 63 

Willis 64 

Elixir 64 

Almy 65 

Jackpot 65 

Frisco 66 

Virginia J 66 

Marion County 66 

Ida 66 

Tallow Clay 67 

Colorado 67 

Ben Harrison 67 

Markle 67 

Pilot Rock 68 

Nakomis 68 

Governor Eagle 68 

Susquehanna " 69 

Tarkihi 69 

Bear Hill 69 

Batie 69 

Big Elephant 7D 

Big Buffalo 7D 

Oly mpia 70 

North Star 71 

Summit Home 71 

Dyson 71 

Bald Jesse 72 

Hawkeye ..^ 72 

Starlight 72 

Eldorado 72 

Beulah 72 

Zinc Basin 73 

Climax 73 

Morning Star 73 

Mcintosh .* 74 



6 CONTENTS. 

Description of mines and prospects — (Continued. 

Marion County — Continued. ^ Pa^e. 

White Eagle : 74 

Maryhattiana 75 

Red Cloud 75 

Silver Hollow 76 

Boat Creek 76 

Sam Hill 77 

Bonanza 77 

Christie ^ 78 

Baxter County 78 

Hawkeye No. 1 78 

Hulsenbeck 78 

Gambetta 78 

Lost Mine 78 

Hopeful 79 

Bald Dave 79 

(iold Standard and Mark Hanna 79 

Cedar Gap 79 

Hawkeye No. 2 79 

Big John .' 79 

Wallace Knob 79 

Searcy Countv 79 

Winchester 80 

Jackpot (on Buffalo Fork) 80 

Maumee 80 

Mud Hollow 81 

Excelsior (formerly St. Joe) 81 

Davy Crockett 81 

Big Hurricane ' 82 

Newton County 82 

Spier 82 

Marble City 83 

Canton 83 

AVichita Belle 83 

Old Granby 83 

Carbonate Note 84 

Goswick 84 

Panther Creek 84 

Chimney Kock 85 

Baker & McGrath 85 

Bonanza 85 

Ponca City 85 

Bennett 85 

Suggestions for prospecting and mining 85 

Opinions of previous writers 87 



CONTENTS. 7 

Page. 

Determination and Correlation of Formations, by E. O. Ulrich 90 

Description of correlation table 91 

Evidence upoD which the correlations are based 93 

Ordovician formations 93 

Yellville limestone ». 93 

Key sandstone 95 

Izard limestone 97 

Polk Bayou limestone 98 

Silurian formations 98 

St. Clair limestone 98 

Devonian rocks 100 

Sylamore formation 100 

Carboniferous formations *. 101 

Lower Mississippian formations 101 

Noel shale and Boone limestone 101 

Upper Mississippian formations 102 

Moorefield shale (Fayetteville shale in part of Branner) 102 

Batesville sandstone (Batesville sandstone of Branner, not Simonds; Wyman 

sandstone of Simonds) 104 

Fayetteville shale (Fayetteville shale of Simonds and Branner and Marshall 

shale of Branner) 106 

Wedington sandstone (Batesville sandstone of Simonds) 108 

Pitkin limestone 109 

Early Pennsylvanian formations 109 

Morrow formation 109 

Index 115 



ILLUSTRATIONS. 



Page. 
Plate I. Map of north Arkansas zinc and lead district, showing general geology and principal 

mines and prospects 14 

II. A, Sketch map of the Ozark region, showing the drainage and topography; B, 

Sketch map of the Ozark region, showing physiographic features 16 

III. A, Escarpment of Halls Mountain, 5 miles distant, seen from the north looking 

across Crooked Creek Valley; B, Bottom land along White River, near Gasville, 

looking northwest from mountain east of Dentons Ferry 16 

IV. Geologic map of the northern part of the Yellville quadrangle, Arkansas 18 

V. Geologic map of the southern part of the Yellville quadrangle, Arkansas 20 

VI. A, Richmond Bluff, near Amos post-office, in Baxter County; B, Engles Bluff, 

near Sylamore, in Izard County 22 

VIL Af Ledge of St. Joe limestone member; B, Ledge of Key sandstone 24 

VIII. Af Mass of silicified breccia marking the St. Joe fault, near the Excelsior mine; 

By Near view of dolomite breccia, cemented with pink spar 34 

IX. Hand specimens illustrating genesis of ores 48 

X. Hand specimens illustrating genesis of ores 50 

XI. Hand specimens illustrating genesis of ores 52 

XII. Hand specimens illustrating genesis of ores 54 

XIII. Hand specimens illustrating genesis of ores 56 

XIV. Hand specimens illustrating genesis of ores 58 

XV. Hand specimens illustrating genesis of ores 60 

XVI. Hand specimens illustrating genesis of ores 62 

XVII. A, Open cut in barren ground near lola mine, showing jointed dolomite; B, 

Almy mine 66 

XVIII. A, Open cut Big Elephant mine, Key sandstone in upper part of exposure; B, 

Markle mine hand jigs 68 

XIX. .4, Nakomis mine; B, Susquehanna mine 68 

XX. A, Bear Hill mine; JB, Beulah mine 70 

XXI. Af Climax mine; B, Morning Star mill, connected with mine above by gravity 

tram ^ 72 

XXII. View of Rush post-office and Morning Star mine and mill 72 

XXIII. Af East end of main cut at Morning Star mine, showing fissure opposite end of 

track; B, Mcintosh mill, connected with mine above by cable tram 74 

XXIV. Mcintosh mine, Rush, Ark., showing natural exposure of rocks somewhat 

obscured by waste from the open cut 74 

9 



10 ILLUSTRATIONS. 

Page. 

Plate XXV. A, White Eagle mine; By Red Cloud mine 76 

XXVI. Ay Open cut, Hulsenbeck property; B, Fissure and shaft house at Baker and 

McGrath mine 78 

XXVII. Spier mine, sinking shaft in fault breccia . . .^ 82 

Fig. 1. Generalized section through the zinc and lead district, showing geologic relations of 
ore-bearing horizons and former extension of formations which have been removed 
by erosion 32 

2. Diagram to show how stress may produce differential movement and brecciation 

as a result of variation in the character of the rocks acted upon 33 

3. General structural section showing relations of the Ozark region to the Arkansas 

Valley and Ouachita Mountain regions 34 

4. Section across Rush Creek fault near Rush post-office 36 

5. Section through Pilot Mountain showing Pilot Mountain fault 37 

6. Section across St. Joe fault and monocline, St. Joe, Ark 38 



LETTER OF TRANSMITTAL. 



Department of the Interior, 

U. S. Geological Survey, 
Washington^ D. C\^ November 2Ii^ 1903. 
Sir: I have the honor to transmit herewith the manuscript of a report on 
the zinc and lead deposits of northern Arkansas, by George I. Adams, assisted by 
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ZINC AND LEAD DEPOSITS OF NORTHERN ARKANSAS. 



By George I. Adams, 
Assisted bv A. H. Purdue and E. F. Burchard. 



INTKODUCnON. 

Scope of this report. — ^The field work on which this report is based was 
carried on during the months of July, August, and September, 1902. The writer 
was assisted by Prof. A. H. Purdue, of the University of Arkansas, and Mr. 
Ernest F. Burchard. The larger portion of the time was used in the detailed 
examination and study of the Yellville quadrangle, which is between parallels 36^ 
and 36'^ 30' and meridians 92^ 30' and 93^, and embraces Marion County, the 
northern border of Searcy County, the eastern border of Boone County, and the 
northeastern corner of Newton County. The adjacent country, which is usually 
recognized as mineral bearing, was examined in a general way. Mr. E. O. 
Ulrich was in the field two weeks collecting fossils and studying the rocks for 
the purpose of correlation, and Dr. George H. Girty devoted a week to a portion 
of the section in an adjacent area. 

The stage of development of the field is such that the report is in a sense a 
preliminary one, as few of the ore bodies have been worked sufficiently to deter- 
mine their extent. There are many openings and prospects and a few producing 
mines. The examination of the prospects consumed much of the time, and 
although the information obtained from them was valuable as indicating the position 
and manner of occurrence of the ore bodies, it was often unsatisfactory because 
the openings were of limited extent or had been made so long ago that they 
were covered with debris. Only a few of the mines which have underground 
workings were accessible, since most of them were idle and filled with water. 

Historical sketch. — Lead ore was discovered in northern Arkansas by the 
early explorers and pioneers, and smelted by them in a crude manner, in order 
to obtain lead for rifle bullets. Schoolcraft, who passed through the region in 
1818, mentions, in the account of his explorations, the occurrence of lead in 
northern Arkansas, and Featherstonhaugh in 1834 reported that a mine had been 
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14 ZINO AND LEAD DEPOSITS OF NORTHERN ARKANSAS. 

opened on Strawberrj^ River. No attempt appears to have been made to pro- 
duce lead in commercial quantities until in the fifties, when ore was smelted in 
the vicinity of Lead Hill. There was a revival of the industry in the seventies, 
but the cost of transportation was so great that the smelters, after operating for 
a year or two, were abandoned. 

Ii/ early times zinc ores seem to have attracted no attention, as compared 
with lead ores, probably because they were not so well understood. A zinc 
smelter, however, was erected at Calamine, Sharp County, in 1857, but the com- 
pany ceased operations at the outbreak of the civil war. In 1871-72 smelting 
was again attempted at this place, and was carried on for a short time. Pros- 
pecting for zinc ores began about 1886. The ores are so generally distributed 
and so readily accessible that the region attracted the attention of mining men and 
investors, and in 1899 there was what might be called a rush into the field. 

Limits of the northei^n Arkansas district. — The principal development of zinc 
and lead mining in northern Arkansas is in Boone, Marion, Baxter, Searcy, and 
Newton counties. The mines and prospects shown in PI. I indicate in a general 
way the extent of the district. In addition there are some prospects to the west; 
and mining has been carried on at a few localities to the east, in Lawrence, 
Sharp, and Independence counties. The ores at these places are known to be 
similar to those of .the area here described, but they are not discussed in this 
report. 

Transportation facilities, — Until recently no railroad reached the field. Travel- 
ing was by means of stage. The route usually pursued was from Eureka Springs, 
a railroad point, eastward about 50 miles to Harrison, thence eastward 30 miles 
to Yellville; or from West Plains, Mo., a railroad station about 70 miles north- 
east of Yellville. The country is rough and the roads stony, so that traveling 
and transportation are diflScult. Nevertheless, mining claims were developed and 
mills erected before the railroads had been extended into the field. It was 
thought that White River, which is navigable for small boats, would furnish an 
outlet for the ore, but the necessity of hauling and the uncertainty of suflicient 
water caused the abandonment of this route after a few shipments had been made. 
In 1901 the St. Louis and North Arkansas Railroad was built to Harrison from 
Eureka Springs, and since that time has been extended southeastward to Buffalo 
Fork of White River. It is proposed to further extend this road, by way of 
Marshall, southeastward in the direction of Little Rock. 

The Missouri Pacific Railway has begun to build a line from Batesville, 
along the valley of White River, to Buffalo. From this point it will pass by 
way of Yellville, and thence northwestward into Missouri. This line will be in 
operation to Buffalo some time before the close of 1903. 
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INTRODUCTION. 15 

* 

The completion of the railroads will afford facilities for shipping ore, so 
that mines which have not been able to operate will probably begin work. 
Others, which had until recently attempted no development beyond prospecting 
for ore, are already erecting mills or more definitely determining the character of 
the ground preparatory to doing so. Although few of the mines are situated 
near the railroads, the distances which the ores must be hauled will be so lessened 
that the product can be marketed profitably. With the development of the 
mines railroad spurs and branch lines will probably be built, and the field can 
A^ssume its true commercial importance. 

Production of the district, — From the information contained in published 
reports and gathered by inquiry it has been estimated that the output of the 
northern Arkansas district up to and including the year 1900 was 1,500 tons of 
zinc ore arid 600 tons of lead. In 1901 about 500 tons of zinc were marketed, 
and in 1902 about 1,000 tons, or double the amount of the previous year. The 
production of lead during 1901 and 1902 was unimportant. There is considerable 
ore now stored in the bins awaiting transportation facilities, and the production 
of the district promises to increase during the coming year. 

Prospective devetopmeiit. — The question which is of most interest at the pres- 
ent time is, Will ore bodies in northern Arkansas warrant operations on a large 
scale? It is hoped that what is said in this paper will throw some light upon 
the question, which is a difficult one to answer in the absence of the extensive 
development of any of the mines. What has been done thus far in the way of 
mining is not a true criterion for the field. Some of the companies which have 
been organized have been promoted by men inexperienced in the production of 
zinc and lead. The expenditure of money in erecting mills and bringing in 
machinery, which it was necessary to haul a long distance, and the failure to 
market ore at a profit, because of the absence of transportation facilities, usually 
has been followed by the suspension of opemtions. Moreover, the ore deposits 
in northern Arkansas are not such as mining men generally are familiar with, 
and some have been misled by the results of their prospecting, since they judged 
that the ore bodies would continue similar to those of other fields. Finally, 
although certain of the mines have produced clean ores, the surface workings 
have usually resulted in the finding of mixed ores, which are difficult to market 
in a satisfactory manner. With the continuance of deeper workings and the 
following of ore bodies into the hillsides this difficulty is disappearing. 

While it is impossible to predict with certainty the future of the field, there 
are certain of the mines now opened which are capable of a large output, and 
many of the prospects warrant further exploitation. 
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SUBrACE FEATUKES. 

General character. — Northern Arkansas is a hilly region, although 'to one who 
travels through it the amount of relief is not clearly apparent, since the timber 
nearly everywhere prevents a broad view. The streams have cut into the rocks 
so deeply that in their lower courses they may be appropriately considered as 
flowing through canyons. The walls of the canyons are usually steep on one 
side and have a gradual slope on the other. The main streams are tortuous, and 
the tributaries dissect the country into ridges having a dendritic arrangement. 
The best roads follow the divides or the stream valleys, and the roads which are 
divergent from them are usually so rough as to make heavy hauling impossible. 
Because of the broken nature of the country the soil forms a thin mantle over 
the rocks, except on the more level uplands or in the narrow alluvial valleys. 
The larger portion of the land is not suited for farming, because it is very 
stony, or becomes so soon after it has been cleared and cultivate. Agriculture 
is at present the principal industry, but its development will be limited by the 
nature of the land. Fruit raising, on the other hand, promises to be entered 
into more largely. The hillslopes are suitable for orchards, and the climate is 
particularly favorable. 

Dissection of the country by streams has exposed considerable thicknesses 
of the rocks in such a way as to render the mineral contents of the upper hori- 
zons easily discoverable. The rough topography, however, is unfavorable to the 
building of numerous railroads and the hauling of the output of ore to shipping 
points. Every part of the country could be rendered accessible by the construc- 
tion of wagon roads, as there is an abundance of good material for both roads 
and bridges. 

Physiographic relations of the Ozark Plateau and Boston Mountains, — ^The 
zinc and lead mining district lies in what is known as the plateau portion of the 
Ozark region. This region embraces southern Missouri, the northeastern corner 
of Indian Territory, and northern Arkansas. Its drainage and topography are 
shown on the accompanying sketch map (PL II, A). The Ozark Plateau lies north 
of the Boston Mountains, which extend from Batesville, Ark., westward nearly 
to Muscogee, Ind. T. The northern border of the Boston Mountains presents 
an irregular escarpment, which is seen to the south of the zinc and lead fields. 
They are composed of a series of sandstones and shales, with some limestone beds, 
which erosion has cut into flat-topped spurs and peninsular-like ridges, between 
which are the stream valleys. The northern extremities of the ridges stand out 
as conspicuous points or promontories, from which may be obtained broad views 
of the plateau country. 
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A. ESCARPMENT OF HALLS MOUNTAIN. 
Seen from the north, 5 miles distant, across Crooked Creek Valley. 




B. BOTTOM LAND ALONG WHITE RIVER NEAR GASVILLE. 

Lookiiig northwest from mountairi east of Denton's ferry. 



SURFACE FEATURES. 17 

D'imdons of the Ozark Pt-ateau, — When seen in a broad view the irregularities 
of the plateau country are largely softened by the mantle of forest, and as the 
higher points rise to practically the same plane the plateau has a rolling or 
billowy appearance. There are, however, two divisions which are apparent in 
the landscape at many points and are found to be related to the rock forma- 
tions wherever the field is studied (PL II, B). Between them there is an abrupt 
change in elevation of about 300 feet, known as the Burlington escarpment. (See 
PI. in, A,) The higher region west of the escarpment is called the Springfield 
upland. It has its typical development in southwestern Missouri, around 
Springfield, from which place it was named. Its extension in northern Arkansas 
is a narrow, irregular upland lying at the foot of the Boston Mountains. The 
larger areas of its unbroken surface form the farm lands in what is known as 
the chert country of northern Arkansas, and the rock which underlies it, is the 
Boone limestone and chert. Its extent accordingly corresponds with the area of 
this formation shown on the' accompanying map (PI. I) 

The Salem upland is developed upon the Yellville formation, which consists 
of dolomitic limestones, which form the country rock over the remaining portion 
of the plateau in northern Arkansas. It does not show its t3^pical development 
in the mining district, however, since the valley of White River and the numer- 
ous tributaries of that stream give it a decidedly broken character. In south- 
central Missouri, around Salem, from which this division was named, it has a 
more even surface. However, the horizon line as viewed in northern Arkansas 
is found to be almost even, and it is readil}^ seen tliat the higher points fall in 
the same general plane. 

Lowlands. — Inasmuch as the two principal divisions have been discussed as 
uplands, it is natural to infer that lowlands exist, which are in contrast to them. 
This stage of physiographic development of the region is relatively recent. The 
streams have not had sufficient time to widen their valleys, and their work thus 
far has been confined to cutting them downward. Here and there, however, 
on the larger ones are found narrow, crescentic bottom lands, which occupy the 
inner side of -the bends of the stream (PI. Ill, B), What are now the uplands 
were in the previous period relatively low-lying plains, through which the streams 
flowed in shallow valleys, and the canyons of the present time owe their tortuous 
courses to the sinuosities of the former drainage, which have been accentuated 
during the process of downcutting. 

Previous surface features, — In discussing the geologic history of the zinc and 
lead district, it is necessary to reconstruct in a measure the conditions of the 
land surface which existed previous to the development of its present topography. 

4538— No. 24—04 2 



18 ZINC AND LEAD DEPOSITS OF NORTHERN ARKANSAS. 

An idea of what the country was probably like may be obtained by imagining 
the present valleys in the Salem upland filled to a level with the bluflfs of the 
streams. If the upper courses of the streams were filled in a proportionate 
manner, the Burlington escarpment would still remain as a conspicuous feature, 
but the valleys within the Springfield upland would be less sharply incised. 
What is now the Salem upland would be practically a lowland, and the Spring- 
field upland would rise approximately 360 feet above it. The extent of the 
Springfield upland, however, would be somewhat greater than at present, and its 
border much less dissected, since in the process of the downcutting of the streams 
it has suffered extensive degradation. 

It has been remarked concerning the northern Arkansas field that a large 
portion of the rocks which are mineral bearing have been carried away by the 
work of the streams. This undoubtedly is true, and an estimate of the amount 
may be formed by some such process of reasoning as has been outlined above. 
The ore-bearing rocks, however, which have been removed during the erosion of 
the stream valleys constituted but a small percentage of what still remain above 
the grade of White River, which has the deepest valley in this area. The slopes 
and hillsides which have resulted from the downcutting render the ores accessible 
and multiply many times the exposures of individual ore-bearing beds. 

DESCRIPTION OF GEOIX>GIC FORMATIONS. 

The formations described in this report have been mapped in detail within 
the limits of the Yellville quadrangle. Pis. IV and V, show the northern and 
southern parts of this area, respectively. On these maps the positions of the 
important mines and prospects are shown by crossed hammers. 

Some of the formations are so thin that it is difficult to show them in their 
correct importance, but in the field they can be recognized if careful attention is 
given to the following descriptions of their character and thickness. For the 
purpose of setting forth the entire geologic section other localities have been 
visited and the relations of the formations studied and described. 

ORDOVICIAN SYSTEM. 

YdlviUe formation. — This name, Yellville formation, is applied to the mag- 
nesian limestones, or dolomites, of Ordovician age, which constitute the principal 
lead- and zinc-bearing rocks of northern Arkansas. They are of wide occurrence 
in the district, especially in Marion and Baxter counties. They are the oldest 
rocks exposed in northern Arkansas, and have been described in various preceding 
reports as belonging to the m ignesian-limestone series. The base of the section 
is not exposed, and the total thickness can be estimated only from the record 
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of a deep well which was drilled at Cushman, near Batesville, and which passed 
through 1,515 feet of strata without reaching the pre-Cambrian crystallines. The 
age of the rocks in the lower part of this well is not definitely known. Judging 
from the exposures around the base of the St. Francis Mountains in southeastern 
Missouri the rocks encountered in the well may range downward into the Cam- 
brian. The Yellville formation is intended to include only such as are of Ordo- 
vician age. Along White River the natural exposures of the Yellville formation 
approximate 500 feet (PL VI, A and JB). The limestones vary from massive to 
thin-bedded strata, with intercalations of shaly^ material and well-defined shale 
beds. A section described in detail at any particular locality would probably 
not be found repeated in another part of the field, since the rocks vary in their 
lateral extent, the beds grading from one phase into another, according to the 
local conditions of sedimentation which prevailed at the time of their deposition. 
The rocks appear to have been laid down in relatively shallow seas, since mud 
cracks or sun cracks can be observed on exposed surfaces here and there, and 
the uneven bedding and change in texture indicate the action of currents, and 
apparently in some places the scouring of a sea bottom. The limestones, where 
they are not weathered, have a dense structure. Their color varies from gray to 
dark blue and chocolate brown. Their composition indicates that many of the 
beds are true dolomites, since they contain the accepted theoretical proportions 
of calcium carbonate and magnesium carbonate; but with the variation in lithology 
other constituents are found, such as clayey material similar to that of the shales 
into which they grade, and sand grains similar to the material which constitutes 
the saccharoidal sandstone which is described on a later page. 

Where they present an argillaceous phase they exhibit laminations in which 
the thin films of clayey material indicate bedding planes. Not infrequently they 
are rich in organic matter, -which gives them a dark appeamnce, and in some 
cases a decidedly fetid odor. The sandy phase of the dolomite locally manifests 
itself in the lower portion of the series, and in the higher portion there are 
some beds which Jiave the character of sandstone. The clear, rounded grains of 
sand which are found distributed in some of the dolomites give them upon 
weathering somewhat the appearance of sandstones, since the calcareous material 
dissolves out. Where the exposures are unweathered the true nature of the rock 
is readily discernible. In other portions of the Ordovician sea, conditions were 
favorable to the extensive deposition of sandstones. Their local development in 
northern Arkansas recalls the so-called second, third, and fourth saccharoidal 
sandstones of the Missouri section as described by Swallow. One of these local 
beds of sandstone is exposed along the valley of Clear Creek. It occurs from 
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50 to 75 feet below the top of the formation, and has a yariable thickness, averaging 
about 20 feet. Throughout the remaining portion of the district it is impossible 
to identify this horizon. In the vicinity of Cowan post-oflSce and in the country 
to the south for 2 or 3 miles there is a similar sandstone which is exposed at 
many places and gives rise to a sandy soil. Other beds were noted which are 
but a few feet in thickness and seem to have only a limited extent. 

The bedding of the dolomites of the Yellville formation exhibits a peculiarity 
which may be described as sagging and thinning. It is apparently due to the 
unevenness of the floor on which the sediments were laid down and to the varia- 
tion within short distances of thickness of the material deposited. As has been 
suggested above, current action may account for the phenomena to some degree; 
possibly, also, unequal settling and squeezing of the material took place before 
consolidation. This stinicture has the appearance of local unconformity in many 
cases, and is interestingl3' exhibited in the frequent nearly vertical exposures along 
the stream valleys. 

The ore bodies contained in the dolomites are related to structures and sec- 
ondary phases of the rock, which will be more fully described in another part 
of this paper, in connection with the question of ore deposition. The}^ may be 
stated to be characterized by fracturing, jointing, brecciation, and faulting, which 
are the result of mechanical conditions and of solution, cementation, recrystalliza- 
tion, silicification, and replacement, which have been brought about by the circu- 
lation of ground water. Certain of the chemical changes have taken place so 
extensively, and are manifested in the rocks independent of ore bodies, that they 
should appropriately be described here. The effect of solution has been to pro- 
duce a cellular sti-ucture in certain of the beds, and these openings, as a result 
of subsequent deposition of silica, have the form of quartz druses. Not infre- 
quently the dolomites, which contain a considerable amount of sand or have been 
largely replaced by silica, grade into a quartzitic phase. This seems to be more 
frequent in the lower portion of the section, and has been noted by the various 
geologists who have described the rocks as quartzites. The Yellville formation 
carries considerable quantities of chert, or flint, as it is sometimes called, which 
occurs as nodules and lenses. The chert of this formation may usually be distin- 
guished by the fact that it has a white-and-black concentrically banded structure. 

Key sandntone, — The Key sandstone, which is named from the post-oflice of 
Key, in the vallej" of White River, northeast of Fayetteville, is the rock most 
conspicuous and valuable to mining men as a datum in this district. It occurs 
usually^ as ledges or benches, and is locally known as the sand ledge or sand cap 
(PI. VII, B), The rock is what is known as a saccharoidal sandstone, this name 
being applied because of the fact that when it is struck with a hammer it 



DEVONIAN SYSTEM. 23 

Yellville quadmngle. the sandstone lies above the shale. Its maximum thickness 
is about 7 feet, and the shale below it does not exceed 15 feet. 

The sandstone consists of rather coarse quartz grains, which have been rounded, 
and, except for the size of the grains, the rock resembles the saccharoidal 
sandstone in a general way. The Sylamore sandstone thins so that in some places 
it is not represented and in others occurs only as variable, lens-like masses or 
sandy beds in the upper part of the shale. The shales, where they are thickest, 
as at the exposure on Dry Creek, below Duflf, are rather uniform in character 
and have a greenish color. Where the sandstones and shales are variable, as is 
the case just north of St. Joe, the color is darker, often nearly black, and the 
formation contains a notable amount of phosphate pebbles, which are frequently 
embedded in a sandy matrix, giving the rock a conglomeratic appearance. The 
pebbles are sparingly represented at other exposures, but the phosphatic material 
seems to be more abundant where uneven bedding and variable conditions of 
sedimentation have occurred. The phosphate pebbles when unweathered are black, 
but on exposed surfaces the}- are yellowish or brownish. They vary in size 
from very small ones up to the size of walnuts, or even larger. The\' have a 
waterworn appearance. 

The relation of the Sylamore sandstone to the lower rocks is plainly exhibited 
in the bed of the stream southeast of Duflf. The Sylamore there rests upon 
the Polk Bayou limestone, and the surface of the limestone has been exposed by 
erosion so that the irregularities of its surface, which were produced prior to the 
deposition of the Sylamore shale, can be seen in the creek bed. It is potholed 
and pitted and worn into channels. In these depressions remnants of the shale 
and the contained pebbles may be seen. Thtis far, at all the outcrops of the 
Sylamore which have been visited it rests upon the Polk Bayou limestone. It 
has a more limited geographic extent than that formation, and the sedimentary 
basin in which it was deposited appears not to have extended west of the Yellville 
quadrangle. 

The age of this formation has been in dispute. Fi'agments of large fish bones 
have been found embedded in the sandstone, and these are considered as indications 
of Devonian age. Aside from these remains some invertebrate fossils occur, which 
tend to corroborate this view. The confusion which has previously existed in the 
attempts made to clas&ify the Sylamore formation has arisen from the fact that 
an eflfort has been made to correlate it with the Noel shale (described as the Eureka 
shale in the Arkansas reports), which occurs farther west. There is, however, an 
intermediate region, approximately 30 miles in width, in which neither of these 
formations is represented. The reason for associating the Sylamore formation 
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with the Noel shale seems to have been that they are both succeeded by the St. 
Joe member of the Boone and the shales are somewhat similar. 

Although the phosphatic pebbles of the Sylamore are locally sparingly repre- 
sented in the lower few inches of the St. Joe member of the Boone, there was 
a break in sedimentation between the formations, and the pebbles have found 
their way into the St. Joe as a result of the reworking of the lower beds. In 
the case of the Noel shale there is a, gradual transition from the shales to the 
limestones, and an interlarding of the shales in the lower beds of the St. Joe at 
some localities in such a way as to intimatel}^ connect them. 

It is a surprising fact that Devonian sediments should be so sparingly 
represented in this region. During the Devonian interval the older rocks were 
largely subject to erosion. It was at this time that the beveling of the Polk 
Bayou, Izard, and Key formations took place. Probably the Yellville formation 
also suffered considerable thinning at -some localities. The Sylamore formation 
may be a remnant of thicker deposits which accumulated during the Devonian 
period, but more likely it represents a marginal deposit in an encroaching sea. 
The fact that it contains phosphatic material and sandstones composed of rounded 
quartz grains is favorable to the latter theory. The shale probably represents 
the mud, and the pebbles the estuarial accumulations of phosphatic nodules which 
were deposited in some such way as were the pebble phosphates of the Charleston 
phosphate region, in South Carolina, where the phosphate is obtained by dredging 
in the mouths of rivers. 

CARBONIFEROUS SYSTEM. 
MISSISSIPPIAN SERIES. 

Nod shale, — ^The Noel shale has been previously described by the Arkansas 
State survey under the name of "Eureka shale;" but this name is preoccupied 
by the Eureka quartzite of Nevada, and accordingly it has been renamed, from 
the town of Noel, in southeastern Missouri, where it has been studied and at 
which place it is typically exposed. It consists of a bed varying from a few 
feet, and in some cases a few inches, up to 70 feet in thickness. Usually it 
averages from 15 to 30 feet. Its color is often black, although not infrequently 
it has a greenish, and sometimes a yellowish, appearance, according to the condi- 
tion of weathering or the 'amount of carbonaceous material contained in it. Thus 
far it has never been found lying on the Polk Bayou limestone, as does the 
Sylamore. It conmionly rests on the Key sandstone, or in case that formation 
is absent, as a result of pre-Carboniferous erosion, it rests on the Yellville 
formation. In its upper paVt it contains at some places thin, limy layers, and 
when not abruptly succeeded by the even-bedded St. Joe member of the Boone 
formation, it grades upward into that formation, thin layers of shale being found 
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by the presence of chert, which is seen in exposures and is left upon the surface 
by the weathering of the limestones. As the result of the slow disintegration of 
the chert the hill slopes are covered with it and the valleys of the minor streams 
are floored with it to a considerable depth. The perpendicular bluffs are the 
only outcrops which are not more or less disguised by this residual material. 
When first exposed the chert is compact and has a light-gray or bluish color. 
Upon weathering it becomes yellowish brown, being stained by iron, and the 
fragments are often very light and porous. The fragments of flint form a 
natural macadam for the more level roads of the country in which this formation 
occurs. 

The limestones of the upper portion of the Boone formation are often 
coarsely crystalline, and usually have a light-gray color. They contain numerous 
well-preserved fossils, but crinoid stems are perhaps the most conspicuous. The 
even beds form a valuable quarry stone, and when free from chert can be burned 
for lime. Exposures exhibit the limestones as heavy-bedded rocks free from 
chert, as thin-bedded limestones interstratified with layers of chert, or unevenly 
bedded with lentils and rolls of chert. Generally the upper portion of the forma- 
tion is heavily bedded, and the lower portion contains the larger amount of flint. 
The line separating the St. Joe member from the remaining portion, although not 
marked by any very evident stratigraphic break, has been drawn at the point 
where the chert appears, and is at a definite horizon. 

Moorejidd shah. — In the vicinity of Batesville there is a bed of shale lying 
upon the Boone limestone and chert. It is well exposed around Moorefield, from 
which place it is named. In that locality it has a thickness of from 50 to 75 
feet. To the west, at Marshall, it is not over 35 feet thick, and evidently it 
does not extend much farther westward. The shale has a Jight-grayish or bluish 
color, and is very friable. In places it is sandy. It is not represented in the 
Yellville quadrangle, but is described here in order to give the full sequence of 
rocks in the section along the northern border of the Boston Mountains. 

Batesville sandsto7ie. — The Moorefield shale is succeeded at Batesville by sand- 
stones with some interbedded shale. In certain localities to the west the forma- 
tion contains interstratified limestones, which, where they are weathered, appear 
sandy. Where the Moorefield shale is absent this formation rests directly on the 
Boone formation and is usually found in this position between Marshall and 
Fayetteville. The thickness of the formation in the Yellville quadrangle is about 
75 feet. The conspicuous portion of it is an even-bedded, yellowish-brown sand- 
stone, which is seen exposed in the roads and as ledges along the creeks around 
St. Joe and just to the northeast of that place. It breaks into slabs, which are 
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convenient for building. The stone which is thrown out from wells dug into 
this formation shows its unweathered character to be in places decidedly limy 
and its color light-graj\ Sometimes it has an oolitic phase. The area of its 
exposure in this district is limited to the base of the slopes of the country 
immediately surrounding the isolated hills and mountains to the north of the 
Boston escarpment. 

Fayetteville shale. — ^The conspicuous portion of this formation is a bed of 
black, carbonaceous shale, which is usually thinly laminated. It frequently exhib- 
its a jointed structure, and upon disintegration falls into small fragments. Its 
thickness varies from about 50 feet up to 200 feet. It is named from exposures 
around Fayetteville, where it is conspicuous in the valley of the West Fork of 
White River. This formation rests upon the Batesville sandstone, or, where that 
formation is absent, upon the Boone formation. 

The lower portion of the black shale in the Fayetteville formation contains 
lenses of dark-blue, siliceous limestones at some placed. The limestones are an 
inconspicuous element, somewhat concretionary in character, and yield but few 
fossils. At Marshall there are beds of dark limestone in the upper portion which 
carry an abundant fauna. Considered in its wider occurrence it is rather varia- 
ble, but the fauna serves to show its essential unity. 

Wedington sandstone. — Southeast of Fayetteville and westward to the State 
line, the Fayetteville shale is succeeded by a sandstone formation varying in 
importance, but usually having a thickness of between 50 and 150 feet. It is 
thin bedded and heavy bedded, and carries some interstratified shale. It is not 
mapped in the Yellville quadrangle, although it is perhaps represented in a small 
area. It is described here in order to give the full sequence of the formations in 
the lead and zinc district. 

Pitkin limestone. — Succeeding the Fayetteville formation in the lead and zinc 
region, there is nearly everywhere a bed of limestone. It is not always conspic- 
uous, since it frequently occurs on slopes and is covered with debris of sandstone 
and shales from the higher formation. Its thickness where well developed is 
usually from 10 to 40 feet. In exceptional cases it is thicker. It sometimes has 
associated with it sandstone beds which contain the same fossils found in the 
limestone. The Pitkin limestone has been called the "Archimedes limestone" by 
the Arkansas survey, because of the presence of this easily recognized bryozoan, 
the screw-like stems of which are seen in the weathered surface of the rock. In 
the northwestern part of the State, around Fayetteville, the limestone thins out 
to a pebbly stratum, and disappears from the section. Along the north front of 
the Boston Mountains, however, it is a very persistent ledge, and the beds are 
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frequently massive, and give rise to an escarpment, a bench being developed on 
its upper surface. This formation is regarded as the highest one of the Missis- 
sippian series. It is probable that the thinning to the north and west is due to 
shore conditions, and its absence in some cases may be due to erosion previous 
to the deposition of the Pennsylvanian series which succeeds it. It is named 
from the post-office of Pitkin, in Washington County, south of Fayetteville. The 
exposures in that vicinity have been well described and noted in reports by the 
Arkansas survey. In the Yellville quadrangle it is found near the upper part 
of the two mountains, 1^ and 2 miles northeast of St. Joe. The formation there 
is about 90 feet thick. 

PENNSYLVANIAN SERIES. 

Morrmc formation. — Under this name is described a variable formation, con- 
sisting of shales, in which are some thin limestones and occasional sandstone beds. 
The basal portion is usually a sandstone or a sandy shale. Above this there is the 
limestone which has been called the Pentremital limestone by the Arkansas survey. 
Inasmuch as this is not a geographic term, the name ^^ Brentwood" is applied to 
it in this report. The limestone sometimes occurs in a single ledge, but is often 
separated into two ledges, between which shales and sandstones intervene. The 
stratification is variable, and because of the absence of the limestone at some 
localities it may be considered as a lens within the 'Morrow formation. The third 
member of the formation has usually been designated the coal-bearing shale. In 
the vicinity of Fayetteville, where it has been more particularly studied, a bed, 
of coal is found in this shale at a number of places along the northern border of 
the Boston Mountains. It is seldom thick enough to be mined profitably, but, 
has been opened and is used locally, particularly in Washington County, wheFe 
it is about 14 inches in thickness. Within the area discussed in this report coal 
is said to have been found in Gaither Mountain, but it is not of any importance. 
Some evidence of prospecting for it was seen on the slopes of Boat Mountain, but 
no information in regard to its character at that place was obtainable. 

Not infrequently there is a stratum of limestone above the coal-bearing shale 
which forms a variable lens, and in the vicinity of Fayetteville it has been described 
as the Kessler limestone. It is seldom more than 5 feet thick, although it reaches a 
thickness of 20 feet, and its presence in the slope is usually shown by thin slabs 
a short distance below its point of outcrop. Above it there are a few feet of 
shales and thin sandstones which belong in the Morrow formation. The upper 
limit of them is rather indefinite, but at many places is marked by the presence 
of heavy sandstones which carry quartz pebbles. 
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Wi'uslow formation. — ^This name, which is taken from the town of Winslow, 
south of Fayetteville, in the Boston Mountains, is here applied to rocks which 
have usually been designated by the term Millstone grit. The base of the forma- 
tion is at most localities characterized by the presence of quartz pebbles. The 
formation attains a great thickness in the Boston Mountains, and its upper limit 
has not yet been definitely placed. As compared with the Morrow formation 
below it, it contains much more sandstone, and the beds are often massive and 
exposed in heavy ledges, which give rise to escarpments. No persistent lime- 
stone beds have thus far been found in the Winslow, and the sandstones have 
not yielded fossils, although no doubt they contain them at some places. There 
are shale beds in the upper part of the formation, but in the southern border of 
the lead and zinc field only the basal portion is represented, and within the 
Yellville quadrangle it is found only on the top of the two small points about 2 
miles northeast of St. Joe. 

GROUPING OF THE ROCKS WITH RESPECT TO ORE DEPOSITS. 

Nearly all the ore deposits occur in either the Boone or Yellville formations. 
They are more important and more widely distributed in the Yellville formation, 
which occurs principally in the northeastern part of the district, and is the lower 
of the two. The Boone formation is ore bearing at a few places in the northern 
part of the field, but most of the mining developments in it are in the south- 
western portion. Between these two ore-bearing formations there intervene some 
thin ones (the Izard, Polk Bayou, Key, Sylamore, and the St. Joe member), which 
are represented on the detailed geologic maps of the northern and southern parts 
of the Yellville quadrangle (Pis. II and III). They seldom carry an}^ ore, and are 
grouped with the other rocks on the general map of the district (PI. I), since 
they outcrop in narrow bands, which can not be shown on a small scale. The 
Key sandstone is an easily recognized formation, and is useful in the field for 
determining the division line between the upper and lower ore-bearing rocks. 
Many of the mines in the Yellville formation are at horizons a short distance 
below the Key sandstone. The undifferentiated Carboniferous shales and sand- 
stones shown on PL I are above the Boone formation. They are not ore 
bearing, and limit the field to the south and west. They include the Batesville, 
Fayetteville, Pitkin, Morrow, and Winslow formations. 

HISTORY OF PHYSICAI. CHANGES. 

Sedimentation, — In northern Arkansas, as will be gathered from the foregoing 
discussion, the formations are all of sedimentary origin. The nearest igneous 
rocks are in the St. Francis Mountains, in southern Missouri; in Camden Countv. 
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Mo., where there is a small pegmatite area; near Spavinaw, Ind. T., where a 
granitic dike occurs, and southwest of Little Rock. The few deep wells which 
have been drilled do not reach the igneous basement upon which the sedimentary 
rocks were deposited. There is no evidence of intrusion in the district, and 
igneous agencies must be left out of consideration in seeking an origin for the 
ores. 

Practically all large limestone bodies have associated with them more or 
less zinc and lead ores. The ores may not appear except in occasional separated 
crystals or small pockets. This is the condition where the concentration of their 
original contents has not taken place. In northern Arkansas there are two lime- 
stone formations which are capable of having furnished the zinc and lead. These 
are the Yellville and Boone. 

During Ordovician time the conditions of sedimentation in northern Arkansas 
varied but slightly until near the close. The rocks are principally dolomites, 
generally uniform in character. The occasional shale beds which are found do 
not have wide extent, and apparently grade into limestones when followed laterally. 
Near the close of the Ordovician a bed of sandstone (the Key sandstone) was laid 
down. It has the appearance of a beach or shallow-water formation. Occasional 
lenses and beds of this character are found interspersed in the dolomites, and 
sandy material is found in varying proportions in the dolomites themselves. After 
the Key sandstone the conditions were slightly different, although the rocks which 
were formed are much like the lower dolomites in character. Ordovician time 
was one of wide submergence, and except for the occurrence of the Key sandstone 
the Ordovician system has the appearance of being a continuous one. The Ordo- 
vician rocks are important as an original source of the ores. Large-quantity analy- 
ses of them, made by the Missouri geological survey, have shown that where no 
ore is apparent a minute amount of various metallic sulphides can be detected. 
Although it is a very small percentage, it is wholly adequate, if concentrated, 
to supply the material of the ore bodies, since the mass of rock is enormous, as 
compared with the deposits which are found. 

The Silurian rocks, which follow the Ordovician, are not developed in the 
district here discussed. They may have been deposited over the area, and removed 
during the erosion period which immediately followed. In the vicinity of Bates- 
ville the Silurian limestones are well represented. 

In Devonian time sedimentation in Arkansas was confined to irregular areas 
which represent the arms or borders of an encroaching sea, land conditions having 
prevailed through most of this period. The deposits are shales and sandstones, 
which have a maximum thickness of but 40 feet, and in the area here discussed 
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seldom more than 10 feet. The shales carry phosphatic pebbles, and are believed 
to be of estuarian origin. 

The Mississippian series in this district has at its base the Boone formation, 
which carries a large amount of chert. During the time of its deposition the 
same marine conditions which prevailed in northern Arkansas extended far into 
Indian Territory, Kansas, and Missouri. This may be regarded as a second 
period of calcareous sedimentation, and one equally important with the Yellville 
formation as regards the origin of the ores. These rocks, like the Ordovician 
dolomites, according to large-quantity analyses, may have furnished metallic 
sulphides through concentration b}^ circulating waters. 

After the deposition of the Mississippian limestone shallow-water conditions 
may be said to have prevailed. The rocks are sandstones and shales of variable 
character, with the exception of the Pitkin limestone, which is a relatively thin 
formation and one which is not important with respect to the ores. 

The transition from Mississippian to Pennsylvanian time was probably marked 
by an unconformity, and in the beginning of it conditions were favorable for the 
accumulation of thin beds of coal. These deposits suggest a gradual submergence 
and low-lying land areas. 

Erosion. — As has already been shown, there were intervals during which 
erosion occurred. The only one of much importance was in the Devonian 
period. The sediments which were deposited during it are relatively insig- 
nificant, while the beveling and removal of the rocks during this time were 
very extensive, as is indicated by the fact that the succeeding Carboniferous 
formations rest successively upon the Sylamore, Polk Bayou, Izard, and Key 
formations, and even the last has at many places been thinned to a consider- 
able degree. There is no means of knowing what v thickness of rocks above 
the Polk Bayou may have been removed, and beyond the limits of the district 
it is not improbable that erosion reached down to the Yellville formation. The 
effects of the wearing down and weathering of the land surface on the ore 
contents of the rocks are so far obscured that they can not be taken into con- 
sideration. There are no ore bodies now known which can be said to have 
originated at this time, and as changes of the same character took place at a 
later period the effects of the earlier changes can not be determined. 

The present epoch of erosion reaches back probably to the beginning of 
Tertiary time. During this epoch a much greater mass of the sedimentary rocks 
has been removed than in the Devonian interval, and the effects are more readily 
seen. This erosion has given rise to the present topography, but certain earlier 



32 



ZINO AND LEAD DEPOSITS OF NOBTHEBN ARKANSAS. 



.!>£ 




''^r. I 



. s 



ill |E|I si 



forms of the land surface have not been wholly obliterated 
(fig. 1). The rocks which have been removed were the north- 
ern extension of the undifferentiated Carboniferous shales and 
sandstones, the Mississippian limestones where they are not now 
represented, and a considerable mass of the lower rocks in the 
area in which the Ordovician chiefly occurs. The history of 
the region indicates that in Tertiary time a plain was devel- 
oped which coincided largely with the upper surface of the 
Boone formation or the Mississippian limestone. At that time 
the lower rocks were not so widely uncovered, and the shales 
and sandstones formed mountains and isolated areas to the north 
of the present escarpment of the Boston Mountains. This 
stage was a transitory one, and the downcutting of the streams 
and the further wearing away of the land surface have, brought 
about the present features of relief, and exposed the rocks as 
they are found at the surface to-da3\ 

The local changes in the rocks which remain may be attrib- 
uted to the circulation of ground water. The modifications of 
the circulation of the ground water which have taken place 
from time to time and the conditions which influence the cir- 
culation will be described later in this report. 

Deformation. — No extensive disturbances occurred in the 
district to change the roi*ks from their original nearl}- hori- 
zontai position. The area has suffered numerous oscillations, 
but it has always been remote from the principal effect of the 
forces. The unconformities mark the changes in the attitude 
of the rocks with respect to sea level from time to time, but 
during later periods, especially after the close of sedimenta- 
tion, the record of ph3'sical changes can be inferred only from 
the surface features. 

Within the rocks themselves two principal classes of struc- 
ture are seen. These may be attributed to movements in the 
vertical plane which have produced fractures and faults, and 
to movements in the horizontal plane which have given rise to 
breccias. Locally, there are exhibited minor flexings of the 
structure, as is shown by occasional well-marked dips; but no 
definite system of folds can be made out. The structure may 
be spoken of as undulating, giving rise to local domes and 
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basins or shallow synclines and low anticlines, the axes of which are not clearly 
discernible. The rocks apparently have suffered considerable deformation as a 
result of compressive forces. This has given rise to occasional fracture zones; 
but a second, and perhaps more important, result was brecciation of the beds. 
This was produced by the differential movement of the strata, and is particularly 
exhibited in the rocks of the Yellville formation (PL VIII, B). The variation 
in the structure of these dolomites, which are in places massively bedded, and in 
other places thin bedded, laminated, and even shaly, resulted from the lateral 
movement being taken up in varying degree by the individual beds, so that the 
motion due to compression was such as is produced by forces acting in couples 
(fig. 2). The brecciation is due to the tendency of the pieces resulting from the 
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Fxo. 2.— Diagram to show how utren may produce differential movement and brecciation as a result of variation in 

the character of the rocks acted upon. 

breaking of certain brittle strata to shear past each other, or to rotate with the 
horizontal movements of the adjacent beds, so that the fragments are relatively 
displaced. 

In the Boone formation compression produced principally fracturing and 
Assuring. The walls of the fissures not infrequently exhibit slickensiding, which 
has been produced by the rocks moving past each other horizontally. 

The faults of the district are, with few exceptions, normal faults. All the 
more important ones thus far studied belong in this class. It is probable that 
some thrusting occurred at the time of compression, but no extensive thrust 
faults have thus far been found, though local ones are seen in certain exposures 
and in the workings of some of the mines. The normal faulting is believed to 
be of later date than the brecciation of the horizontal beds. In certain places 
the faulting has given rise to fault breccias, which are very similar in character 
to the bedded breccias, but are developed in a vertical lather than a horizontal 
plane. 

Origin of the structure, — The fi'acturing and brecciation above mentioned are 
probably due to stresses induced at the time of the folding in the Ouachita 
4538— No. 24—04 3 
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Mountain and Arkansas Valley regions (fig. 3). At the close of the Carboniferous 
period the thick mass of sediments which had accumulated in what is now 
central Arkansas and western Indian Territor}^ was folded in a manner 
which suggests that it was thrust to the north. There are close folding 
and thrust faulting in the Ouachita Mountains and open folds in the 
Arkansas Valley region. In the southern border of the Ozark region, 
•§> and particularly in the are^ under discussion, the generally' hortizontal 
B position of the rocks was retained, but there was considerable movement 
g of individual beds. This movement was one of accommodation, and 
^ resulted in fracturing, without marked displacement. It took place 
i largely along the l>edding planes, and resulted in brecciation of the beds. 

The normal faulting in this area is of later date, and is probably due 
§ to the readjustment following the crushing, or to subsequent oscillations 
= of level. 
5 Geoloijic conditions Influencing circulation of (jround water, — The 

1 rocks which constitute the Ordovician system and the Mississippian lime- 
"^ stones of the northern Arkansas district may be considered as relatively 
p permeable. In the Ordovician are local beds of shale, through which 

1 water would not readily pass, and the Devonian rocks, which have a \^vy 

2 limited extent in the southern part of the field, are of about the same 
§ character and importance in controlling the path of the ground water. 
^ They do not have a wide influence, since they do not form persistent 

l^ 1 horizons. Where they occur they probably diverted the solution laterally, 
" fl 5 ^^^ "^ localization of ore deposits seems to be directly due to them. 

'vg as 

\i\ "^ The shales lying above the Mississippian limestone, on the contrary, 

rj ^ have suflicient thickness to make them an important factor in determining 
Vj I the movement of ground water. Formerly they extended from their 
I present boundary near the base of the Boston Mountains northward into 
J Missouri, and covered a considerable part of the Ozark region. Before 
% they were removed they acted as a confining or limiting horizon. Water 
^ entering the Ordovician dolomites and Mississippian limestones where they 
i outcrop, and moving with the dip as it passed southward, was under a 
S hydrostatic pressure l)eneath these shales. There ma}' have been a first 
"1 concentration of the ores, due to this circulation, and, if so, it could have 
^ taken place from the upper portion of the Mississippian limestones, 
which were below these shales, to the bottom of the Ordovician. This 
reasoning may be appealed to in accounting for the ore bodies now 
found in the Mississippian limestones near the base of the Boston 
Mountains, where these rocks have recently been uncovered by erosion. 
It is possible, however, that the concentration was caused by lateral circulation 
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adjacent to the fractures in which the ore bodies are found, and not by factors 
which are of such wide influence. 

As erosion progressed the shales and other formations lying above the 
Mississippian limestone were speedily removed from the more central portion of 
the Ozark region, so that the conditions which at first existed, as above outlined, 
were not long maintained. The main streams of the region, such as White 
River and its tributaries, soon cut through these formations, so that water which 
ma\' have formerly been under hydrostatic pressure found issuance in their 
valleys. For a long period there have been no upp<^r confining shales in the 
northern part of the field. The surface water has been free to descend into the 
Mississippian limestones- and Ordovician rocks, or through - the Mississippian 
limestones into the Ordovician, and the point of issuance of such portions as ha^e 
reappeared in the surface flow has been in the valleys of the larger streams. 
There no doubt has been lateral movement along bedding planes, through the 
more permeable strata and open and brecciated beds, and along the surfaces of 
local shale beds. The saccharoidal Key sandstone, which is a conspicuous 
formation and one which is relatively porous, has probably been a horizon of 
lateral movement, assisting in the transfer of the ground water to places where 
it could find its way into the adjacent beds. 

St/nclmes. — ^The more important ore bodies are found along the course of 
the main channels followed by the ground water. Obviously, synclinal structure 
would cause the convergence of solutions toward the axes of the synclinal 
troughs. While mineralization is not confined to such places, there are instances 
in the field where the ore is found in synclines. Professor Branner, in the 
report of the Arkansas geological survey, has emphasized the influence of folds 
in localizing the ore bodies and has advocated prospecting in such places for 
ores. Although ground waters have been influenced by the dip of the rocks, 
there are so many openings through which they may pass, such as fissures, 
breccias, joints, and solution channels, that the occurrences of ore outside of 
synclines are not exceptional. 

Rel<itioi}8 of belt of weathering and helt of cetnenUitlon. — Under the action of 
atmospheric agencies the rocks at and near the surface suffer loss of their mate 
rials and waste away. This process may be described as weathering. Deeper in 
the earth the materials derived from the upper rocks are largely redeposited. 
This process is one of cementation. The belt of weathering and the belt of 
cementation are not separated by a sharp line, and, moreover, with the processes 
of erosion the lower limit of the activity of the atmospheric agencies has constantly 
migrated downward. These belts are related to the topography of the country, 
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the plane separating them being higher in the hills than in the valleys. Conse- 
quently, during the long period which has been required for the removal of the 
stratified rocks to their present limits there has been a shifting 
downward and southward as the streams have cut their valleys 
deeper and the escarpments have retreated to the south. In the 
northern part of the field the belt of weathering, which was 
formerly in the Mississippian limestones, has, since the removal 
of these beds, reached the Ordovician rocks. To the south, as a 
result of the rugged topography, i\. lies partly in the Ordovician 
and partly in the Mississippian. At the base of the Boston 
Mountains, where the shales and sandstones have been but recently 
removed from above the Mississippian limestones, the belt of weath- 
ering has descended but a short distance into the upper portion of 
I this formation. The rocks in the northern portion of the zinc 
I and lead district of northern Arkansas may accordingly be con- 
t sidered as exhibiting the more advanced stages of the processes 

(A 

S of weathering and erosion. 

p 
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The faulting in the Arkansas field was not studied in detail, 
except within the Yellville quadrangle. The principal lines of 
displacement are shown on Pis. I, IV, and V. The presence of 
faults is shown by the contact of formations which, as a result 
of displacement, are not in stratigraphic continuity; or in case 
the fracture has the same formation on either side and the section 
is not exposed, by masses of fault breccias which sometimes stand 
above the adjacent rocks (PI. VIII, A). Only the more important 
structural lines are here described. A number of minor faults 
were noticed, and fault breccias were found which could not be 
attributed to definite lines of displacement, because of the absence 
of good surface exposures. 

The faults described below have all been noted by the Arkansas 
geological survey. The interpretation of them here presented, 
differs, however, 'from that of the State report. Professor Branner 
in his descriptions and diagrams has discussed them as thrust 
faults. The observations made during the present survey led 
to the belief that they are normal faults. This interpretation 
is consistent with the structural history of the region as outlined above. 
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Rush Creek fault, — This fault is named from Rush Creek, which follows the 
fault line in many parts of its course. The displacement varies along the line of 
the fracture, and probably is greatest in the vicinity of Rush post-oflSce, where 
it was measured and found to be about 350 feet (fig. 4). The 
mountain north of Rush is capped with the Boone formation, while 
these same rocks are exposed in the bed of the creek near the 
post-office. Northwest of Rush the rocks on the north side of the 
fault all belong to the Yellville formation, while to the south, 
except in the creek valley, the country is occupied by the Boone. 
The fracture may be observed in a number of places, particularly 
at the bend of the creek, about one mile above Rush. On Spring 
Branch, just above the Climax mine, the line of the fault is indi- 
cated by a breccia. The displacement is accompanied by drag- 
ging of the beds on the south side of the fault, so that they g: {{i^i 
turn up like sled runners when viewed in a section from south to ^ 
north. There is evidence that the faulting is not confined to a | 
single line of fracture, since at the Morning Star mine there is ^ 
displacement with a downthr.ow on the south side along a line ? 
parallel to the main fault, and small displacements have been g 
observed in the workings of other mines, particularly the White E 
Eagle, which is in the fault zone. The Climax mine is situated S- 
near a fault which is pai'allel to the main one, and which, like it, | 
has a downthrow on the south side. The continuation of the g iUHTU "**"- ' 
fault to the southeast bevond Buffalo Fork could not be made ^ 
out. It is not improbable that the displacement is taken up by the | 
undulating structure of the rocks. This is inferred from the dips % 
seen along the river between the mouth of Clabber Creek and the I 
Silver Hollow mine. 

Tomxihawk fmdt, — The fracture which passes through sees. 7 
and 8, T. 16 N., R. 16 W., in close proximity to the old Tomahawk 
copper mine, as it is called, brings the Carboniferous shales in 
contact with the Boone formation. It is well marked at man}^ 
places. The throw reaches fully 350 feet. 

Parallel with and south of this fault are the Pilot Mountain fault 
and a few others, which are not very clear in the field. They have a 
downthrow on the north side, and countemct the structure of the Tomahawk 
fault, so that the intervening area has been dropped as a block. 

Pilot Mountain fault. — The northern border of the shale and sandstone area 
northeast of St. Joe is defined by a fault which passes along the north side of 
Pilot Mountain (fig. 5). It is very easily observed in the field, because of the 
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dissimilarity of the rocks to the north, which belong to the Boone formation. 
Its direction is approximately parallel to the Tomahawk fault, and the two exhibit 
structural relations similar to those of the St. Joe fault. 

Sf. Joe fault. — The St. Joe fault is north of and parallel to 
Mill Oreek. The downthrow is on the south side of the fault, 
and the displacement measures between 250 and 300 feet at diflfer- 
ent points. Throughout a portion of its course the Boone is 
brought in contact with the Yellville formation (fig. 6), but in the 
valley of a north branch of Mill Creek, the Key, Izard, Polk 
Bayou, and the Sylamore are exposed in contact with the Yellville 
formation. 

MiU Cvi-el' fault, — South of Mill Creek and nearly parallel 
with the St. Joe fault there is a line of fracture with a downthrow 
on the north side. The effect of this displacement, combined with 
the St. Joe fault, is to depress a narrow })lock, which, as a result 
of the drag accompanying the movenu^nt, has a synclinal structure. 
It is on this fault block that the portion of the valley of Mil) 
Creek having a west-east course has been developed. 

aSV. J(h.> )n(ni(H'Iin*..—h\ the valley of Mill Creek, just north of 
St. Joe, the rocks are seen to be sharply flexed and to dip to 
the south. Around St. Joe they resume their neai'ly horizontal 
position, but dip to the north, forming a shallow syncline (fig. 
r>). The line of sharp flexure extends northeastward and joins 
the Pilot Mountain fault, as shown on the map, and it is not 
improbable that there is displacement along it in its northern 
portion. The St Joe monocline, together with the Pilot Moun- 
tain fault, accounts for the presence of the Carboniferous shales 
and sandstones found around St. Joe at a lower elevation than 
would naturally be expected. To the southwest of the line of 
the St. Joe the monocline extends across Buffalo Fork toward 
the head of Cave Creek. These localities have not been care- 
fully studied, but the monocline is known to locally pass over 
into faulting. 

On the map published by the Arkansas geological surve}^ a 
fault is shown extending in a northeast-southwest direction through 
T. 17 N., R. 17 W., into T. 17 N., R. 16 W. The accompany- 
ing map (PI. V) shows that there is a flexing of the beds along this line, but 
definite faulting was not seen, excepting in the southeast corner of T. 17 N., R. 17 
W. The structure line is approximately parallel with the St. Joe monocline. 
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A similar undulation in the rocks was observed on Water Creek and its 
tributaries in the southeast corner of T. 17 N., R. 16 W. 

Hu7*ricane fault. — The Hurricane fault for a portion of its course follows 
Hurricane Branch, and to the west crosses Davis Creek. It appears to be a 
continuation of the St. Joe fault, or at least may be said to be a similar dis- 
placement which has apparently the same direction. It is clearly marked in T. 
16 N., R. 18 W., where shales and sandstones are found on the south side of it 
and the Boone formation on the north. In the valley of Hurricane Branch the 
displacement combined with erosion has exposed the Yellville formation on the 
north side in contact with the Boone formation on the south. Where it crosses 
Davis Creek it is marked b^^ similiar relations. The Big Hurricane mine and 
the Spier mines are near the fracture, and their workings are in the breccia 

which has been produced by the dragging. 

* 

ORES AND MINERAIjS. 

SULPHIDE ORES. 

Zinc milphide^ err .sphalerite, — This ore, which is commonly called blende, or 
''jack,'' is the most important one in northern Arkansas. It is composed, theo- 
retically, of 67 per cent of zinc and 33 per cent of sulphur; but as a result of 
the impurities the amount of metallic zinc varies somewhat. The analyses of 
specimens from northern Arkansas average close to Q^ per cent. The ore as 
marketed, however, does not always approach this purity, since in cleaning it is 
impossible to completely separate all other mineral matter from it. The price 
per ton is based upon ore which contains 60 per cent, and if assay's indicate more 
or less the price is correspondingly higher or lower, usually the variation being 
$1 for each per cent. 

Lead f^nlpJiid^,, or galena, — This is the principal lead ore of northern Arkansas. 
It occurs in well-defined cubic crystals, or as crystal aggregates. Pure galena 
contains 86.6 per cent lead and 13.4 per cent sulphur. When smelted it yields 
about 80 per cent lead, since a portion is volatilized and lost. The northern 
Arkansas ore contains practicalh'^ no silver, which is sometimes found in galena. 

OXIDIZED ORES. 

Zinc silicate^ <yr calamine. — The amount of metallic zinc in this ore is theo- 
retically 54.2 per cent. Because of the fact that it is deposited secondarily and 
in intimate association with other materials from which it is difficult to separate 
it by jigging, the commercial product as marketed usually carries but from 40 to 
50 per cent of metallic zinc. It is translucent, has a vitreous luster, and varies 
from nearly colorless to yellowish and brownish. It usually occurs in irregular 
masses, but on free surfaces forms bunches of thin, tabular crystals. It is 



40 ZTNO AND LEAD DEPOSITS OB^ NORTHEBN ARKANSAS. 

commonly associated with zinc sulphide, from which it has been derived as an 
alteration product. The workings in which it is found usually carry more or less 
cla}' and so-called tallow clay. 

Zinc carbonate^ m* sinithsonite, — ^This ore, which is usually spoken of simply 
as carbonate', or sometimes as "drj^ bone," contains theoretically 62 per cent of 
metallic zinc; but specimens of this purit}'^ are rare, and the commercial product 
of necessity falls much below. The better grades of ore are somewhere between 
40 and 60 per cent. Smithsonite assumes a variety of forms, the common one 
being the so-called gray carbonate, which resembles a limestone in texture. 
Another variety is of stalaetitic form, which it assumes where the mass has been 
deposited in successive layers in cavities. When this form is broken it usually 
exhibits a banded structure, and when weathered the carbonate is seen to occur 
in sheet-like layers, slightly separated from each other, the inteiTening space 
being filled by other material, or in weathered specimens consisting of irregu- 
larly connected cavities from which some substances have been dissolved. Not 
infrequently smithsonite exhibits a mammillary or botryoidal structure. This is 
found where it is deposited upon free surfaces. The color of the ore varies 
according to the foreign substances which are present. Occasionally it has a 
yellowish color, in which case it is known as "turkey fat." This color is pro- 
duced by cadmium sulphide, which is frequently combined with zinc ores. Much 
of the smithsonite has an earthy form, and not infrequently it has the appearance 
of yellowish or brownish sand. This is due to its having been deposited irregu- 
larly and in small masses within the rocks and to subsequent decay. 

Hydrozinciie. — Hydrozincite is the hydrous form of smithsonite, or zinc car- 
bonate, i. e., zinc carbonate combined with more water of crystallization. It has 
a white or yellowish color and an earthy texture, somewhat resembling chi^lk. 
It is commonly associated with smithsonite. 

Lead carbonate^ or cervssite, — This mineral occurs in limited amount, asso- 
ciated with the deposits of galena, and is a superficial alteration product from 
that ore. It can scarcely be siid to be of commercial importance in northern 
Arkansas, although it is found in some shallow diggings. Usually it is seen as 
a coating over crystals of galena, or as a thin, white shell after the galena has 
been partly removed. 

Ili/drocemssiie. —This mineral beaws the same relation to lead carbonate that 
hydrozincite does to zinc carbonate, but is not common. 

Tcdhw clay. — This is not a definite mineral, and is at present not an ore of 
zinc, as no means have been devised foi smelting it. It contains a variable amount 
of zinc silicate, and is allied to calamine. It occurs filling pockets and seams, 
and when first exposed has an unctuous feel. The color is variable, and it may 
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be mistaken for ordinary clay. Commonly, however, it may be distinguished by 
its behavior upon drying. When exposed to the air it cracks and shrinks in a 
peculiar way, as the result of the loss of water. 

ASSOCIATED MINERALS. 

Dolomite spai\ or pink spar, — By far the most common mineral with which the 
zinc of northern Arkansas is associated is pink spar, which is a crystalline form 
of dolomite and consists of lime and magnesian carbonate. It has rhombohedral 
faces, and the crystals exhibit sharp curved edges, which are particularly char- 
acteristic. Its pink color is apparent in fresh specimens. On weathering it 
becomes discolored. Gray spar, which has practically the same composition, is 
another form which dolomite assumes on crystallizing, but is more particularly 
associated with the magnesian limestones than with ores deposited in cavities. 

Calcite^ or tif, — This mineral is simply a crystalline form of lime carbonate, 
and has the same composition as nonmagnesian limestones. It occurs sparingly 
in the district, although it is present in notable amounts in some of the mines. 
Its scarcity is probably due to the fact that lime in solution in the dolomitic rocks 
is associated with magnesium and forms pink spar. Scalenohedral crystals are 
found in certain cave-like openings or water channels in some of the mines. 

Secondary chert, — An important class of zinc ores are those which occur 
embedded in chert, which is clearly secondary to the rock formations. Secondary 
chert has been formed by the redeposition of silica from solution. It should not 
be confused with the primary chert or flint commonly occuring as lenses and 
nodules. Its color is usually slightly bluish, but upon weathering it is whiter 
or is stained yellowish by iron oxide. Not infrequently masses are seen from 
which the ores have been dissolved out, in which case the casts of the crystals 
give it a honeycombed appearance. 

Quartz. — This mineral, which is the crystalline form that silica assumes, is 
found as small or minute crystals coating free surfaces. The dolomites, which 
are more or less siliceous, sometimes have a cavernous fetructure, and these small 
openings are converted into quartz druses. Quartz is not important in the richer 
ore deposits, but it is characteristic of the leaner deposits in the siliceous dolomites. 

Iron sulphide, or pyrite, — This mineral, which is sometimes called sulphur, or 
mundic, by the miners, has a golden-yellowish or brassy appearance, 'as a result 
of which it is often called ''fool's gold." Most of the ore deposits of northern 
Arkansas are exceptionally free from this objectionable mineral. It occurs, 
however, in small amounts at many localities, and in a few openings is as abundant 
as the zinc ore. At certain places masses are found occurring as pockets in the 
dolomitic limestones, but in such cases it has no commercial value. Associated 
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with the iron sulphide are sometimes small amounts of chalcopyrite, which 
contains a small percentage of copper, and this has given rise to the statement 
that copper ore is found in northern Arkansas. A notable example is the some- 
what celebrated Tomahawk mine, at which place a large amount of money has 
been expended in driving tunnels and sinking shafts. The ore found at this 
place consisted principally of pyrite, with a very small amount of chalcopyrite, 
and the occasional greenish and bluish stains have resulted from the oxidation of 
the chalcopyrite. 

Cliolcopyrlie, — This mineral, which is not much different in appearance from 
pja'ite, usuall}^ occurs as small crystals upon the surface of other ores or upon 
the dolomite. It has a somewhat bronzy look when the surfaces are fresh. 
Upon oxidizing it gives rise to a bluish or greenish stain, as a result of the 
copper which it contains being altered to the cartx)nates, azurite, or malachite. 
These stains are sometimes seen in zinc carlxjnate. 

Gypsiint, — The oxidation of sulphides, such as pyrite, sphalerite, and galena, 
gives rise to sulphate solutions. The metals are redeposited as carbonates, and 
the sulphuric acid with which they were combined goes into solution. It may 
react on limestone and forai calcium sulphate, or gypsum. This mineral is 
found at a number of places. It has a clear, crystalline form, can be scratched 
with the finger nail, and the thin plates into which it splits can be slightly bent. 
These facts serve to distinguish it from calcite, which it somewhat resembles. 

Epsonnie,—^^Y^\)i^om salt" may be formed in uuich the same way that 
gypsum is, but contains magnesium instead of calcium. It occurs as hair-like 
crystals in old workings. 

Goshirite. — This mineral is hydrous zinc sulphate. It occurs in old workings 
as light-colored crystals or as a crust on the walls. It is formed from zinc ore 
in solution and represents a transitory stage of the process of ore deposition, 
since it may pass readily into solution. 

COUNTRY ROCK. 

The country rock in northern Arkansas, as will be gathered from the discus- 
sion of the geology, is either a limestone-bearing chert or a magnesian limestone, 
or dolomite, which is more or less cherty or siliceous. From these rocks the 
pink spar and calcite have probably been largely derived, as has also the sec- 
ondary chert. The process of formation of thcjse minerals is one of simple solu- 
tion and redeposition, and took place along with the formation of the more 
important ores. These gangue minerals are of interest, inasmuch as they have a 
bearing upon the source and mode of desposition of the zinc and lead. 



ORES AND MINERALS. 43 

PREVAILING GANGUE MINERALS. 

According to the prevalence of gangue minerals the sulphide ore bodies may 
be placed in two classes, those occurring with a siliceous matrix of secondary 
chert or with quartz crj^stals, and those found with pink spar and calcite. One 
or the other of these conditions is usually characteristic of a mine, although they 
not infrequenth^ are found together. The oxidized ores are the carbonates and 
silicates, which are simple alteration products which have been derived from these 
two classes of deposits. Usualh^ they are not far from the sulphides, and fre- 
quently occur in intimate relation with them. 

GENESIS AND CLASSIFICATION OF THE ORE DEPOSITS. 

Source of the ore.s, — It is generally accepted that the zinc and lead deposits of 
this region have been fonned by the action of circulating waters, w^hich have 
dissolved the ores which were first broadly disseminated in the limestones. 
Water has dissolved and (tarried them in solution to certain places where the 
conditions were favorable for their redeposition. Stating it different h-, they 
have been derived from the belt of weathering and the belt of cemenbition and 
largely deposited in the belt of cementation. A stud}' of the nature of the ores 
and their gangue materials and of the geologic history of the region makes it 
apparent that at least the latest concentration of the ores in the Ordovic^ian has 
been largely the result of downward and lateral movements. The me.allic sul 
phides may have been mainly derived from the Mississippian limestones, which 
formerly had a wider distribution, from the Ordovician, or from both forma- 
tions. An examination of the Mississippian rocks shows that they have been 
leached by surface waters. Where they are exposed in railway cuts they exhibit 
decay to considerable depths, and within the area of their outcrop are numerous 
sink holes in which the w^ater disappears into underground channels. The sur- 
face cherts which have been derived from the weatherings of those rocks are 
frequently porous and spongy, thus indicating the loss of silica. In the Ordovician 
secondary silica is not infrequently a gangue of the ores. The Mississippian 
limestones contain notable deposits of zinc and lead at many localities in the 
Ozark region, and where there is ore in the Ordovician the area was formerly 
overlain })y the Mississippian limestones. The mines of southwestern Missouri 
around Joplin are in this formation, and in northern Arkansas, as has already 
been stated, prospecting has shown that in the portion of the district where they 
have been but recently exposed to the action of surface waters, probably as a 
result of a first concentration, they carry considerable lead and zinc. 
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Classijicailon of the ore deposits. — ^The most important deposits of the district 
are the sulphide ores of lead and zinc, or, as they are commonly called, galena 
and blende. In the Ordovician dolomites there are two principal classes of the^^e 
deposits, which are characterized by the gangue material. One class is distin- 
guished by its occurrence with secondary chert, which occurs as a siliceous 
replacement of the dolomites, or filling fractures in these rocks; in the other 
there is associated with the ore a large amount of dolomite spar, which forms a 
cementing material in the breccias. In certain of the mines there is, in addition 
to these main ore bodies, accessory ore which replaces the country- rock to some 
extent adjacent to the main ore body ¥rithout developing secondary chert or spar. 

In the !Mississippian limestones the primary ore deposits are accompanied by 
secondary chert and calcite. They are related to fractures, and in some instances 
to fault planes. In the latter case they usually occupy breccias. Accessory ore 
replacing the country rock is sometimes present with these deposits. 

The northern Arkansas field contains important deposits of oxidized ores. 
These are the carbonates and silicates. They are derived from the primary sul- 
phides, and are due to the alteration of the sulphides by the action of surface 
waters. In discussing the genesis of the ores the important problem is the 
origin of the sulphide deposits, the relation of the oxidized deposits to the sul- 
phide deposits being clearly evident. 

Processes of primary cUposition of tlie sulphide ores, — ^The action of ground 
waters in the belt of weathering, and to a considerable extent in the belt of 
cementation, resulted in the solution and transportation of the ores. As the 
water percolated downward and moved laterally, and perhaps later upward, it 
reached a place where deposition took place. In the early part of the journey 
of the waters, through the action of the carbon dioxide and the humic acids, 
silica was taken into solution, and the waters accordingly contained it in notable 
quantities, as well as the ores in solution. In the latter part of the journey the 
action of these waters was the solution of lime and magnesium carbonate and 
the deposition of silica and sulphides, the resulting ores supposedly having been 
transported as sulphates. The reduction of the metals to sulphides was probably 
accomplished through the agency of organic matter and pyrite in the rocks, 
directly or indirectly, and deposition of the sulphides occurred along with the 
formation of the secondary chert and spar. The superposition of the original 
cherts in the Mississippian limestones and the occuri'ence of the secondary cherts 
and spar in the dolomites are entirely in accordance with this theory. 

Pr*K\.<<t\< of dejHMition of the <^j*idi::td o/v,*?. --The oxidized ores of northern 
Arkansas are the cjirlwnates and silicates which have l>een derived from the 
sulphide ore Ixxiies. They ai^e, acconlingly, ivjatively later, and have l>een pro- 
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duced since erosion has brought the sulphides into the zone of weathering. The 
descending waters, carrying carbon dioxide, have transformed the blende and 
galena. In some cases redeposition has taken place immediately, and not infre- 
quently oxidized ores are found as incrustations on the sulphides. In other cases 
they are found along water channels, or in the open spaces and on the surfaces 
of the country rock. In the exposed faces of ore-bearing beds and the upper 
portions of workings secondary ores often predominate. When mining opera- 
tions are carried into the rocks that are under cover or have been protected 
from the action of ground waters, the carbonates and silicates decrease, and 
galena and blende are found to be the predominating ores. 

Secondary deposition of the sidphides. — ^The sulphide ores which were dis- 
solved b}'^ descending waters have not all been redeposited within the belt of 
weathering. Such portions as were retained in solution upon reaching the belt 
of cementation were redeposited as sulphides, the processes in this case being 
the same as in the primary deposition and the ore bodies belonging to a second 
generation. In the lower horizons of the Ordovician dolomites considerable zinc 
ore is found, which occurs as bright, clean crystals associated with drusy qiiartz 
or in openings formed by fracture. Such deposits are usually lean, and thus far 
no workable body of ore of this nature has been discovered. 

Observations have not shown that there is a criterion for clearly distinguish- 
ing the secondary sulphide ores, which may have originated by migration from 
the primary deposits, since it is not improbable that the solutions at the time of 
the first concentration may have deposited most of their ore in the upper horizons, 
in which case the deeper deposits would have the characteristics above described 
and assigned to the ores of the second generation. 

Sulphide deposits associated with secondary chert, — Where chert is the principal 
gangue of the blende and galena, deposition in the Ordovician has taken place 
by the replacement of the dolomites and the filling of fracture spaces and 
cementation of breccias. Secondary chert when freshly exposed usually has a 
bluish color. It may be distinguished from the other country rocks by means 
of its hardness, since it can not be scratched with a knife. It frequently has a 
banded or bedded appearance, which corresponds to the bedding of the original 
dolomite, and crystals of ore usually well formed and distinct occur within the 
mass. In case some of the sulphides have been leached out, molds of the blende 
are seen, which gives the chert a honeycombed appearance. The richer deposits 
appear to be related to fracture zones, and occur along the fissures and replac- 
ing the adjacent beds. The path of the ore-bearing solutions in descending has 
apparently been along fractures, and latterly along the bedding planes, and the 
mineralization decreases away from the fracture zone. 
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S^dphide deposits in hedded hreccias. — In the brecciated beds of the Ordovi- 
cian dolomites the open spaces between the fragments have afforded channels for 
the ore-bearing solutions, and the precipitation of the sulphides and dolomite, or 
pink spar, has usually taken place without dissolving the country rock to any 
appreciable extent. The pink spar is not always accompanied by ore. The sul- 
phides have been deposited in a somewhat local wa\% many factors being con- 
cerned. Not infrequently in prospecting breccias containing pink spar and but 
little ore are found, and where the breccias are ore bearing they usually show a 
decrease in the amount of ore when followed for a considerable distance. 

Sxdphide deposits in fissures, — In the Mississippian limestones most of the mines 
and prospects are related to fissures, the ore occurring in material filling the 
fissures, or in the fissure and the openings adjacent to it. These deposits differ 
from those in the fractured dolomites in being more clearly defined. The gangue 
is usually secondary chert and calcite. The walls of the fissures exhibit slicken- 
siding, as a result of the movement, and often indicate horizontal displacement. 

Sulphide deposits in faidt hrecci^is, — Where the Mississippian limestones have 
been displaced by normal faulting and the rocks have been dragged they often 
show brecciation. The angular fragments are largely primary chert, and the ore 
is associated with a calpareous and siliceous matrix which cements the breccia. 

Sulphide ore in the country rocl\ — In many of the mines and prospects the 
country rock has not been mineralized. In other cases, for a short distance 
adjacent to the fissures and fractures and water channels, the ore-bearing solutions 
have formed what is here called accessory ore. The action in this case has been 
one of replacement. The country rock exhibits recr^^stallization and carries small 
crystals of ore. Where accessory ore is found the main ore body is usually 
rich, and there is a suggestion that deposition in the country rock resulted 
because of the large amount of ore in solution at these places. In the northern 
Arkansas district the scattered cr3\stals of blende in the country rock are spoken 
of as disseminated ore. This term, unfortunately, is not quite appropriate, and, 
accordingly, the word accessory is suggested, since it does not imply the mode of 
deposition usuall}' ascribed to disseminated ores. Accessor}^ ore, being usually 
found associated with rich ore bodies, is looked upon by the prospectors as a 
favorable indication. The ore in secondar}?^ chert is not included under this head. 

Ore associated with quartz drxises. — Not infrequently in the Ordovician dolo- 
mites the lower ore horizons exhibit quartz druses and surfaces covered with 
minute quartz crystals. The ore occurs as clean, bright crystals deposited on the 
quartz. It seldom is found in large masses, but is distributed through the rocks. 
It probably represents a migration from higher horizons, but it may have been 
deposited from depleted solutions at the time of primary deposition. 



PLATE IX. 



47 



PLATE IX. 

HAND SPECIMENS ILLUSTRATING GENESIS OF ORES. 

FiQ. A, Weathered specimen of dolomite; the more readily soluble bands have been removed 
in process of weathering. In this particular case the laminse, which stand out in relief, carry 
more argrillaceous and siliceous material, which is not so readily dissolved 

Fio. B, Banded or laminated dolomite which has been recrystallized but carries no ore. The 
alternation of light and dark bands shows the lamination due to variation in the character of the 
material during the time of sedimentation. 

Fio. C. Fragment of dolomite which has been largely replaced by silica. This secondary silica 
carries zinc .blende, which was deposited during the process of replacement The white bands, 
which are due to the lamination of the original dolomite, consist of argillaceous and siliceous 
material which has not been removed by the solutions that altered the rock. (From Big 
Buffalo mine, Marion County.) 
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PLATE X. 

HAND SPECIMENS ILLUSTRATING GENESIS OF ORES. 

Fig. a. Illustrates the condition which a rock like the one shown on PL IX, C, assumes when 
it has heen subjected to weathering. The blende has been largely removed or altered in place 
to zinc silicate. (From Almy mine, Boone County.) 

Fig. B. Specimen consisting almost wholly of carbonate. The white lines indicate the argilla- 
ceous laminffi of the dolomite which the carbonate has replaced. (From Morning Star mine, 
Marion County.) 

Fig. C Fractured dolomite in which secondary silica carrying zinc blende has been deposited 

in the fracture. A small triangular piece of the dolomite is shown surrounded by secondary 

silica, and to the right of it there is a mass of sand grains which were carried into the fracture 

space at the time of the filling of it by the secondary silicate. (From lola mine, Marion County.) 
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PLATE XI. 

HAND SPECIMENS ILLUSTRATING CJENESIS OF ORES 

Fio. A. Mass of secondary silica which origmally carried zinc blende. The ore has been 
entirely removed, leaving molds of the crystals of sphalerite. 

Fig. B. Specimen illustrating the occurrence of galena in secondary chert. (From Ben Har- 
rison mine, Marion County.) 

Fio. C. Specimen of secondary silica, in the surface of which large crystals of zinc blende 
were deposited. The ore, however, has been removed. The cavities preserve distinctly the angles 
and planes which bounded the crystals. (From Markle mine, Marion County.) 
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PLATE XII. 

HAND SPECIMENS ILLUSTRATING GENESIS OF ORES. 

Fig. a. Section througli a crystal of galena, the outer portion of which has been altered to 
carl)onate, forming a shell of this material enveloping the crystal. 

Fig. B. Weathereil breccia which originally was much like C. The thin plates in it are due 
to the lamina? of the original rock, and the cavities are due to the removal of zinc blende, which 
was deposited during the process of silicification. (From Big Buffalo mine, Marion County.) 

Fig. C Fragment of breccia with a matrix of secondary silica. The angular pieces have 
resulte<i from the breaking of^the laminated rock, which has been altered in the process of silicifi- 
cation. The secondary silica exhibits two phases, a dark and a light. Evidently there was some 
movement after the dark portion of the matrix was deposited, and the openings which were 
formed then were subsequently filled by the light matrix. Both the light and the dark secondary 
silica carry zinc blende in more or less definitely defined crystals. (From Markle mine, Marion 
County. ) 
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PLATE XIII. 

HAND SPECIMENS IIXUSTRATING GENESIS OF ORES. 

Fio. A. Mass of pink spar which was deposited in a breccia. Crystals of zinc blende exhibiting 
characteristic faces of this mineral are shown embedded in the spar. (From Bed Cloud mine, 
Marion County.) 

Fig. B. Brecciated dolomite similar to the foregoing, in which the cementing material is nearly 
all zinc blende, and consequently is rich in ore. The lightest material is dolomite spar. (From 
Michigan mine, Baxter County.) 

Fig. C Specimen from a weathered breccia in which the angular fragments are dark dolomite. 
The lighter material is dolomite spar, or pink spar, which was deposited as cementing material. 
It carries some blende. (From Beulah mine, Marion County.) 
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PLATE XIV. 

HAND SPECIMENS ILLUSTRATING GENESIS OF ORES. 

Fig. a. Mass of pink spar which originally carried on its surface email tetrahedrons of chal- 
copyrite. Weathering agencies have altered the chalcopyrite to linionite, and the small amount 
of copper has given a green stain to the zinc carbonate which has been deposited in round points 
and irregular masses on the dolomit'.*. Unfortunately, this plate does not show the colors of the 
various minerals, and is consequently somewhat infusing. Those who are familiar with the ores 
of the district will, however, recognize the characteristit! api>earance. (From Maumee mine, 
Searcy County.) 

Fig. B. Fragment of rock which was once covereil with pink spar. Zinc carbonate was <lepogited 
on the surface of the dolomite crystals so that they were completely covered. Solution has removed 
the pink spar, and the cavities where the specimen has been broken reveal tlie space w^hich the 
spar originally occupied. (From Mcintosh mine, Marion County.) 

Fig. C. Section through a ma&s of zinc carbonate which was deposited as a stalactitic growth. 
The spaces Ijetween the layers of carbonate were probably once occupie<l by calcium carbonate 
which has been dissolved out during the weathering of the specimen. (From Carbonate Nose 
prospect, New^ton County.) 
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PLATE XV. 

HAND SPECIMENS II.LUSTRATINO GENESIS OF ORES. 

Fig. a. Section through an ore specimen the basal portion of which is zinc blende. The 
blende has been largely altered to zinc carbonate, which has been deposited on the free surface 
in botryoidal masses. The white portions consist of hydrous zinc carbonate, or hydrozincite. The 
centers of the concentrically airanged carbonate are remnants of blende crystals. (Froai Mcintosh 
mine, Marion County.) 

Fig. B, Specimen of zinc carbonate in which rounded masses are smaller and have grown 
from many points. (From lola mine, Marion County.) 

Fig. C Characteristic appearance of botryoidal or mammillary zinc carbonate, which wai* 
deposited on a free surface. (From Morning Star mine, Marion County.) 
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PLATE XVI. 

HAND SPECIMENS ILLUSTRATING GENESIS OF ORES. 

Fio. A. Fragment of barren breccia from the Yellville formation which shows the effect of 
squeezing in shaly beds. (From Susquehanna mine, Marion County.) 

Fig. B, Fragment of bretM^iated Boone chert, with a matrix of secondary silica. This specimen 
carried no ore. The angular pieces of chert have been much displaced. (From Rush Creek foult 
in Crystal Springs ravine.) 

Fig. C Section of a second specimen of Boone breccia, in which the chert fragments have 
not been moved far from the original positions. This specimen carried some ore, which has been 
dissolved, leaving casts in the matrix. (From Rush Creek fault in Crystal Springs ravine.) 
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DESCRIPTIONS OF MIXES AXD PROSPECTS. 

In the following descriptions not all of the mines and prospects of the 
district are mentioned. It is the purpose to set forth here such information 
concerning the district in general as will be valuable in forming conclusions in 
regard to the origin, character, and extent of the ore bodies. In the report on 
zinc and lead by the geological survey of Arkansas the descriptions of the mines 
and prospects are especially complete. The amount of development work done 
since that report was prepared is relatively small, except at certain mines, which 
are included in the following descriptions. 

No attempt is made to divide the dit^trict into subdistricts or mining camps, 
since the ore deposits are not confined to definite areas. In taking up the 
descriptions, however, they will be grouped by counties. As has already been 
pointed out, the mines might be referred to two classes, according to the forma- 
tions in which they occur, viz, those in the Yellville dolomites and those in the 
Boone limestone and chert. This will be kept in mind in the descriptions. In 
some cases the precise location of the prospects and the correct name of the 
property could not be learned, because the land lines could not be found and no 
one was present to furnish information. 

BOONE COUNTY. 

The development in Boone Count}' is principally along Crooked Creek^ begin- 
ning 2i miles east of Harrison, and on Sugar Orchard Creek. In these valleys the 
Ordovician rocks are exposed. There are some prospects near the bead of West 
Sugarloaf Creek, and considerable work has been done in the valley of Bear 
Creek and its tributaries. At these localities the Yellville dolomite is the ore- 
bearing formation. The northern part of the county will probably be more 
thoroughly prospected when the extension of the Missouri Pacific Railway is 
built through it. Some of the showings of ore there are encouraging. The 
localities on Bear Creek are not specially described in this report. The conditions 
in that part of the county are very similar to those where developments are 
more extensive. 

Xorthifni Star. — ^ThLs mine is situated aliout 3i miles northeast of Harrison, 
on Crooked Creek. It Is in the SE. \ sec. 1, T. 18 X., K. 20 W. The opening 
occurs in the bluff of the creek, aliout H<> feet aliove the level of the water, and 
consists of a tunnel driven just lielow the Key KanrL«tr>ne. The crountry rrx'k is 
dolomite, occurring in heav}' ledges, but exhibiting kxrally thin iKfdding or lami- 
nation. The rock has been fractured and joint^fd and shows slight undulation^. 
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The ore occurs principally in a matrix of secondary chert, which is a siliceous 
replacement of the dolomite. Hand specimens show thin banding where the 
original structure is not obscure, and these bands correspond to laminas of the 
dolomite. When traced for a short distance, the unaltered condition of the rock 
may be seen where it is exposed in adjacent openings. The ore-bearing stratum 
varies from 3 to 4 feet in thickness, and is rich in zinc blende. Some pink spar 
is found in this mine, and a minor aniount of secondary ores, which have resulted 
from the alteration of the zinc sulphide, occur as coatings on the blende where 
it is in large masses, and also upon the gangue and associated minerals. At the 
end of the main tunnel is seen an open fissure, or joint plane, beyond which the 
country rock is apparently not mineralized. This opening has evidently been 
enlarged by solution, so that it resembles a narrow cave. Side tunnels from the 
main one pass through ore which varies somewhat in richness and promises to 
extend into the hill along the fractures which the beds exhibit. The amount of 
work done thus far has developed a considerable ore body. About 200 tons of 
crush rock were on the dump at the time the mine was visited. This horizon 
is known to be ore bearing at adjacent localities, and has been prospected on the 
adjoining property, known as the Anna, where a shallow cut has developed ore 
similar to that found at the North Star. Some prospecting has also been done lower 
in the bluff and in the creek bed, and a hole has been drilled on the bottom 
land on the opposite side of the creek. More or less zinc ore has been 
reported in the lower horizons. As observed by the writer, the dolomites in this 
locality, which are lower in the section, exhibit quartz druses, and the ore is 
found associated with these cavities. Not enough work has been done in this 
mine to determine whether the ore in these lower horizons occurs in commercial 
quantities. 

Willis.— This opening is in the NE. i sec. 23, T. 20 N., H. 19 W., near the 
top of a small hill. It exposes a bed of fractured dolomite. The horizon of 
the ore is but a short distance below the Key sandstone and St. Joe limestone 
member. It can be traced around the southern end of the hill, and has been 
prospected at several places. At the main opening the dolomite has been sheared 
somewhat, but does not form an open breccia, as is frequently the case. The 
ore is found cementing the fragments of dolpmite, and carries a small amount 
of pink spar as gangue. The strata above and below th« ore bed are barren, 
and exhibit only jointing. 

Mixir.—Thk prospect, situated in the SE. i sec. 25, T. 20 N., K. 19 W., 
consists of an open cut. The ore is principally galena associated with chert in 
gray dolomite, and occurs in pockets. Considerable ore has been taken from this 
place. Across the ravine to the south there is an open cut and a tunnel. The 
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country rock is a close-textured blue dolomite, full of cavities lined with quartz 
crystals. These cavities carry some blende and carbonate. 

Alm^.— This property (PI. XVII, B) is in the NE. i sec. 17, T. 19 N., R. 18 
W., in a hollow tributary to Mill Creek from the west. A number of openings 
have been made, all of which show more or less ore. The principal tunnel which 
was worked at the time the mine was visited was producing mainly silicate ore. 
The workings were all relatively near the surface, and the rocks show the result of 
surface decay. The original ore is apparently zinc blende, deposited in a secondary 
siliceous matrix. The tunnels show that the rock was fractured and displaced 
before the deposition of the ore. Narrow fissures which are ore bearing were 
observed transverse to the bedding, and the ore was also seen in sheets parallel 
with the bedding planes. As a result of the action of surface waters, much of 
the original blende has been leached out and altered to silicate, the secondary 
chert in such cases exhibiting a honeycombed structure. In the fa<»e of the main 
tunnel both the original and secondary ores were seen, and the rock exhibited 
openings filled with tallow clay. Farther up the hill shallow shafts indicate that 
the rock is of a similar character. The ore from this property, as it is mixed, is 
somewhat difficult to mill, but by judicious hand picking and sorting of the ore 
the milling is successfully accomplished. At the time this mine was visited the 
mill had been overhauled and work on the property resumed in a systematic 
manner. It was the only mine in the district which could be considered as 
having a steady output. Prospecting with the drill showed the presence of ore 
in lower horizons, and a shaft is being sunk in order to determine the nature of 
the bodies. The indications are that, inasmuch as the old openings are under 
.shallow cover, only mixed ores can }>e expected from them until they are driven 
a considerable distance in the hill. The results of the deeper workings will be 
of considerable interest in determining the amount of mineralization at this 
locality. The level of the main tunnel is about 50 feet below the Ke}' sandstone, 
but ore has been found at higher levels. 

Jackpot, — On the opposite side of Mill Creek from the Almy there is an 
extensive open cut or stripping in the mvine, whicli is known as the Jackpot 
property. The ore occurs in a bed of breceiated dolomite which is about 3 feet 
thick, and consists principally of blende deposited with pink spar. Some calcite 
is associated with it. The ore has F>een altered to a limited extent to carbonate 
and silicate. The amount of brecciation in the beds varies from place to place 
along the exposure,, and the ore is variable in richness. A large amount of 
crush rock is piled up, but thus far no ore has been marketed. This property 
is particularly interesting, because it is situated relativeh' a short distance from 
the Almy and exhibits conditions which have not been discovered in that prop- 
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erty. The same bed of dolomite is probably present on the west side of Mill 
Creek, although no opening has been made to prove this fact. Apparently the 
processes which resulted in the formation of the ore in the elackpot are altogether 
different from those which produced the Almy deposit. In the one the gangue 
mineral is largely dolomite spar, in the other secondary chert. The suggestion 
is strong that the ores of the Jackpot ma}^ have been derived from the deposits 
on the opposite side of the creek, at a time previous to the development of the 
present drainage, and when the rocks were continuous across the valley. If so, 
it is to be regarded as having migmted in solution, as already described in 
discussing the origin of the ore deposits. 

Frisco, — In the same section, on Mill Creek, about a half mile south of the Almy 
and Jackpot, are located the prospects known as the Frisco property. They occur 
on both sides of the stream, and show more or less ore which is not unlike the Almy 
and Jackpot. 

Virginia ^.— The Virginia J is in sec. 29, T. 19 N., R. 18 W. The develop- 
ment consists mainly of an open cut 40 feet long in the bed of a creek that crosses 
a small syncline. There is also a shaft several feet deep, from which it is claimed a 
good deal of ore was taken; but at the time the place was visited this was filled with 
water. The ore is zinc blende, in considemble quantity, and occura in dolomite, about 
75 feet below the St. Joe marble. It is confined to the syncline, where the dolomite 
is much brecciated. There is a small amount of calcite, which with the ore foims the 
cementing material of the breccia. 

MARION COUNTY. 

The Ordovician rocks are extensively exposed in Marion County, in which are 
some of the best-known mines of the district. The ore-bearing horizons, which 
are in the upper portions of the Yellville formation, occur principally on the head- 
waters of Sugarloaf, Music, Jimmie, George, Sugar Orchard, and Tarkiln creeks, 
in the northern part of the county, and on Clabber Creek, Rush Creek, and in the 
valley of Buffalo Fork, in the southeastern part. Some prospecting has also been 
done in the southwest corner of the county. 

lola. —The development work at this place consists of some shallow shafts and 
open cuts (PI XVII, A). The property is in the SE. i sec. 25, T. 20 N., R. 18 W., 
in magnesian limestones immediately below the Key sandstone horizon. The sand- 
stone is not conspicuously developed at this place, evidently having been eroded 
before the deposition of the St. Joe limestone member. This formation can readily 
be found. At the principal cut worked when this property was visited the I'ocks 
were fractured and displaced. The richest ore occurred in the breccia, associated 
with pink spar and considerable calcite. Besides blende, there is some galena. A 
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fissure a few inches wide was seen filled with a sheet of this mineral. At shaft 
No. 7, blende occurs in a siliceous matrix which fills the fractures in the dolomite 
and occurs along the bedding plane. Ore of the same character is found to some 
extent in the other openings. A tunnel driven into the country rock where it 
carries practically no ore exhibits the jointing or fracturing, which has devcloiM?d 
principally along a north-south course. There is considerable evidence of dis- 
placement at the lola property, although no estimate of the amount could Imj 
obtained. Altogether it probabh' does not exceed a few feet. The ore deposits 
at this place, as at a numl)er of others indicated in the descriptions, seem, how- 
ever, to be related to this structure. 

Tallmr f/ay.— This openipg is in the SE. i se<-. 35, T. 20 X., R. 18 W., not 
far distant from the lola. The development consists of a shaft a few feet deep, 
and a tunnel driven several feet into the hillside, mainly along a clay -filled cavern 
in dolomite. A small amount of tallow clay and zinc carlx^nate were taken from 
the workings. 

CWom^///.— This mine is in the NW. \ sec. 30, T. 20 N., R. U W. The 
development consisted, at the time of visit, of a shaft s<;veral feet df^ep, whiirh then 
was not being worked and contained so much water as to prohibit ins[X?ction. 
The shaft was sunk in a zone or l^elt of crushing similar U> that in which the 
Markle is located. A few tons of good crush rock had l>een taken from the hliaft, 
the ore being blende, and occurring in breccia. 

Ben Ilarri^ftK — ^This property is in the SW. i sec. 2.5, T. 2^) N., K. 18 W. 
The development is along a fault, which has a downthrow of about 15 feet. Tlie 
opening is in the St. Joe marble, which is jointed and shows considerable fulcit^*. 
The ore is chiefly galena. Only a small amount of blende is found. This mine 
Is interesting bwau^e of its lieing situat«.*d in the St. 0]<}ft limf;st^^ne niemUfr, whi^h 
is not asually ore liearing. and the fact that it is ?^> at this plac** i*^ undoul/t#?dIy 
due to cnishing and displacement. The structure at this k^-ality U apfjarentfy 
connected with a minor fault, which extends in a MmihirJu^U'rly direx'tion, and i* 
marked at several places by masnes of brecr'iat^id IVxmh; chert, which standi up 
above the ^surrounding nx-ks in Ix^wlder-like forrn.^. .Such a mav* wan vs^n on the 
Dodd City-Harrison road, near the center of the -^r^rtion. 

2larlU.-ThU mine is situatM in the .SW. J s*x;. 21, T. 2t^ N,, K, 17 W.. in 
what is known as Markle Hollow. At the time this mine wai^ vi^it/^l it was m/t 
being worked. The «haft Ls -<iid to 1x5 77 feet deep, arxi U} have Ur^^n •♦unk 
through broken lime-t/^ne. A tunnel Tj^) feet long i.«» driven int/> the ^^ide of the 
bluff, bat wa-s clo^-d awl idle. Tlie ore wa«j rejx^rt/^d to Ix^ \tnnn\ni\\y zirxr 
blende, which occurs in a brecrriatz-d rrx;k. The gangue U prin^-ifiaUy ^^r/y/fidary 
chert, and this r-arri*r- -^mif galena. Tlie princifjal Ainouut of the ore r^ame frofn 
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the tannel. A new shaft had been sunk to the ore-bearinjjf horizon shortly before 
the mine was visited, and the ore on the dump showed galena and blende in a 
brecciated siliceous rock which apparently was originally a thin-bedded dolomite. 
There is considerable evidence of folding in this vicinity. The openings are just 
below the saccharoidal sandstone, which, together with the St. Joe, exhibits 
irregular dips in this localit}'. There is also evidence of minor faulting. A 
crusher and hand jigs (PI. XVUl, B) have been installed at this place, and con- 
siderable ore has been cleaned up and sold. 

Pilot BocL— This opening is in the NW. i sec. 32, T. 20 N., R. 17 W., 
in the valley of Sugarloaf, at the side of the Dodd City road. The principal 
working consists of a tunnel driven into horizontal dolomites. The country rock 
has been very largely replaced by secondary silica, and is brecciated, and exhibits 
small openings. The principal ore is blende. A large amount of carbonate is 
present. There is also tallow clay in the opening, and considerable evidence 
of the decay of the rocks in the alteration of the ore deposit. The opening is 
about 50 feet below the horizon of the Key sandstone, which, however, is not 
conspicuous at this place. The St. Joe limestone member is characteristically 
developed, and furnishes a more ready guide to the geologic position of the 
ore. It is interesting to note that the rocks are but little displaced or disturbed, 
and that the ore follows the bedding planes. The dip is low, and the relation 
of this mine to any definite structure is not at all^ clear. 

Xakoniis. — ^This property is located in a ravine tributary to Sugarloaf Creek, 
in the southern half of sec. 32, T. 20 N., R. 17 W. The rocks are Ordovician 
dolomites. The principal working which was examined was an open cut in the 
!)ed of the bmnch. At this place the ore is rather lean. A large amount of 
work had been done, and from the rock which had been stoped a bin of ciiish 
rock had Ijeen sorted. A shaft was being sunk at the mill, and lower down the 
branch prospecting with drill and the sinking of a shaft on a drill hole were in 
progress. Thus far no large ore bodies have been found, unless the reports of 
the drill records prove the existence of rich ore. A large mill and boiler house 
have been built on this property (PI. XIX, ^-1), and work was carried on steadily 
during the season. 

Ooremor fjujU', — The location of this property is in the XW. \ sec. 7, T. 
\S> N., R. 17 W., in a valley tributary to Little Sugar Orchaitl Creek from the 
west, in which the Ordovician dolomites are exposed. The workings, which 
consist of two shafts, were inaccessible, since nothing has l^een done at this place 
for some time. The ore is zinc blende, which occurs in a coarse breccia and 
associate<l with pink spar. The rocks are reported to show, l)esides brecciation 
and fracturing, a slight displacement The rocks which outcrop in this vicinity 
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exhibit no definite dips or important undulations. The surface waters have 
altered the ore deposit to some extent, as is shown by the presence of carbonate 
and silicate ores and the weathered appearance of the dolomite cr3'stals. 

Susque/ianva. — This property is situated in the eastern half of sec. 8, T. 19 
N., R. 17 W., on a small tributary of Little Sugar Orchard Creek. At this 
place a shaft has been sunk and shaft house and ore bin built (PI. XIX, B). 
The ore is principally zinc blende associated with pink spar, and occurs in a brec- 
ciated dolomite. Considerable prospecting has been done lower down on Sugar 
Orchard Creek, and has shown the presence of ore at horizons varying from 
just below the Key sandstone down to the rocks exposed in the bed of the 
creek. The Lemon and Layton prospect is one of the most promising. 

Tarkiln.— This property is situated in the SE. i sec. 10, T. 19 N., R. 18 
W. The development work at this place includes a shaft, which was filled with 
water and therefore inaccessible when visited, and some open cuts. The ore is 
principally blende, with some carbonate and silicate. The crush rock found on 
the dump was rich. Not enough work has been done here to show the extent of 
the deposit. The ore horizon is immediately below the Key sandstone. The rocks 
in this locality exhibit variation in dip, and show fracturing and jointing and 
some brecciation. 

Bf^ar HilL — This property is located in the southern half of sec. 11, T. 19 
N., R. 17 W. The main shaft is in the upper part of the Ordovician dolomites, 
the mouth of it being about 40 feet below the St. Joe member of the Boone 
formation, which is well exposed near by, and at a somewhat less distance below 
the Key sandstone. A small mill and shaft house have been built (PI. XX, A)^ 
and a crusher and hand jigs installed, but no work has been done for several 
yeara, although the mine has produced considerable ore. The main shaft is 
reported to be 157 feet deep, and drifts have been made at various depths. The 
ore which was seen at this mine was found in a breccia, and in material which 
apparently filled fractures. It consisted principal h' of blende. 

Batie, — This property is near the center of sec. 1, T. 19 N., R. 17 W., and 
consists of openings made in the bed of Jimmie Creek. The ore found in the 
Ordovician limestone is about 76 feet below the Key sandstone. The rocks have 
been quarried and blasted, exposing the ore deposit, which apparently follows 
the bedding. A shaft has also been sunk, but was filled with water, so that it 
was inaccessible. The ore seen on the dump was apparently taken from this 
shaft. In these openings the principal ore is zinc blende, though some carbonate 
and silicate ores were found. The structure which appears to determine the posi- 
tion of the ore is brecciation. The matrix is to a large degree siliceous, and exhibits 
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infiltration of sand grains and deposition of calcite and pink spar. By quarrj^ing, 
a large quantity of ore can be obtained at this place without underground workings. 

Big F/^phant.— These workings (PI. XVIII, A) are in the NE. i sec. 30, T. 
20 N.,'!R. 16 W. The ore deposits at this place are apparently related to a siliceous 
deposit which extends from the St. Joe member of the Boone formation down to 
the horizon of the Ke\' sandstone. Dolomite spar is found in the lower beds. The 
principal ore is zinc blende, which occurs associated with the chert. It has, how- 
ever, been largely altered by surface decay, and the rock which originally con- 
tained it has a cellular structure where the ore has been dissolved out. Consider- 
able carbonate also occurs as a result of this alteration. In the upper part, in the St. 
Joe limestone member, there is considerable lead ore, which likewise shows alter- 
ation to carbonate. This mine has interesting structural features, and the position 
of the ore body is one which is unusual in the district. The fact that the Key 
sandstone is thin at this locality perhaps accounts for the continuity of the ore 
deposit from the Carboniferous into the Ordovician. 

Bi(/ Buffalo, — At the intersection of some deep ravines in the southeastern 
border of sec. 5, T. 19 N., R. 16 W., there are a number of openings which 
show a deposit of ore related to the bedding of the rocks. The horizon is in 
the upper part of the Ordovician. The ore-bearing strata have been largely 
replaced by secondary chert, and exhibit thin bedding. In some places the}' 
have been brecciated, while in others their original structure is maintained. The 
blende has been dissolved out near the surface, or adjacent to the water channels, 
leaving the matrix with a honeycombed appearance. The effect of this solution 
has also been to convert the blende into carbonate and silicate, which is found 
as a coating on the ore and rocks. This deposit, although, unfortunately, but a 
few inches thick, is singularl}- continuous and fairh' rich. Another run is 
reported 12 feet above the typical one, and is said to be similar in chai^acter to 
the lower. Prospecting was being carried on at the time the property was vis- 
ited, in the hope of finding a workable face of ore. 

OlyinpiH, — On Jimmie Creek near the mouth of Moccasin Creek a new town — 
Kingdon Springs--has been established. In this vicinity a number of drill holes 
have been sunk and considei*able prospecting done. Fourteen of the drill records 
were charted, for the purpose of showing the thickness of the ore deposits 
reported I)}' the driller. The statement is made that the ore occurs in dissemi- 
nated deposits of exceptional thickness. At the time this locality was visited no 
workable deposit had been opened. On a tract of land Tvhere four drill holes 
had been sunk the Olympia shaft was being put down in order to determine 
the nature of the ])odies of ore which the driller reported. Considerable diffi- 
culty wa.s experienced in sinking this shaft, since a strong flow of water was 
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encountered. When last visited it had reached a depth of about 100 feet, and 
had passed through what was known as the upper run of ore. It was expected 
to reach a lower run in a short time. The rock upon the dump was dolomite, 
but slightly altered in any way, with the exception tliat it was more or less sili- 
ceous, and exhibited fracturing and cavities lined with quartz cr3'stals. Some of 
the beds are probabl}^ brecciated. But little pink spar was found. The mouth 
of this shaft is approximately 300 feet below the horizon of the Key sandstone, 
and is, accordingly^, geologicall}'^ much lower than most of the openings which have 
been made in the district. The results of this prospecting, when full}' determined, 
will have an important bearing upon the depth at which. ore bodies may be found 
in the Ordovician. The nature of the rock, which is characterized by quartz 
druses, is not encouraging, although some beautiful specimens of ruby jack 
were found in pockets. 

North Star. — This opening is in the eastern part of sec. 9, T. 19 N., R. 16 W. 
It consists of an open cut which has been extended along the hillside just below 
the Key sandstone. The rocks are the Ordovician dolomites, somewhat siliceous 
and showing infiltration of sand grains. The opening does not extend far into 
the hill. The rocks show the results of surface decay, and the ore deposits have 
been leached and altered to carbonates. The ore on the dump contains a large 
amount of carbonate, although the original deposit was plainly zinc blende, a 
considerable amount of which has been dissolved, as is shown by the cellular 
structure of the roc^ks which preserve the casts of the crystals. The rocks in 
this locality show some undulation, although no definite dips could l>e made out. 
The beds are jointed and have been considerably fractured. An interesting feature 
of this deposit is the fact that some ])lcnde has been deposited on the saccharoidal 
sandstone where it has been jointed and slight)}' displaced. 

Summ!t ILmie, — This prospect is located near the center of sec. 15, T. 18 N., 
R. 15 W., near the sunnuit of the divide. The rocks are nearly horizontal, bluish 
dolomites. The ore horizon is well toward the upper limit of the Yellville 
formation. The beds are considerably fractured and brecciated. The ore is 
mixed carbonate and silicate, with some blende. Five open cuts at about the 
same level constitute the workings. From 5 to 7 tons of ore-bearing rock have 
been thrown out of each cut, and a little more is still in sight in the walls of 
several of the openings. 

Dymn, — In the SE. \ sec. 30, T. 18 N., R. 15 W., a considera]>le exposure 
of a brecciated deposit has been made by quarrying and drifting. This property 
is situated well up on the hillside, and the ore-bearing bed is near the top of 
the Ordovician dolomites. A large pile of crush rock was on the dump, and it 
was reported at the time the property was visited that a mill was to be erected. 
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The ore body is clearly related to the bedding of the formations, and is found 
in a stmtum which has been coarsely brecciated. The cementing material of the 
breccia i^ pink spar, which is rather abundant. From the appearance of the 
faces of the openings the deposit has a tendency to run rather irregularly as 
regards richness, in some cases very little blende appearing with the pink spar. 
Although this propert}^ is a promising one, in view of the fact that workings 
show lean ore in certain faces, it is probable that the percentage will vary con- 
siderably from place to place as the bed is worked into the hill and along its 
face. This will necessitate judicious methods of cutting the ground. 

BcddJesse, — This opening is well up near the top of the mountain called Bald 
Jesse, situated in the NW. i sec. 25, T. 18 N., R. 1(5 \V. In ascending the 
eastern slope of this mountain thick beds of brecciated dolomite are conspic- 
uously exposed where the surface is bare of soil and vegetation. The prospect 
which is here described is at a place where such a breccia is mineralized. The 
openings are about 60 feet below the horizon of the Key sandstone. Not very 
much work has been done, and, accordingly, the value of the ore body has not 
been detemiined. 

Iluwkeye, — On the east side of Clabber Creek, in sec. 4, T. 17 N., R. 15 W., 
a brecciated bed has been quarried in the hillside about 75 feet above the creek 
bed, and shown to carry a considerable amount of zinc blende associated with 
pink spar. This property is located on a very characteristic bed of breccia, 
which is continuous for a considerable distance, as is shown by the following 
prospects. 

Starlight, — This opening is to the south of the Hawkey e and apparently in 
the same geologic horizon. 

Eldorado, — The breccia, which is continuous from the Hawkye to the Star- 
light, dips slightly to the south, so that at the Eldorado it is lower in the bluff 
of Clabber Creek. At this place it carries considerable zinc blende, but the 
amount varies along the bed. 

Bevlah, — At the Beulah (PI. XX, B) the original openings were made just above 
the level of Clabber Creek, and probably at about the same geologic horizon as the 
ore deposits in the Ilawkeye, Starlight, and Eldorado. The ore in some places is 
a rich deposit of zinc blende associated with pink spar in coarse breccia. It was 
found at several openings, and drill holes report it at other places on the prop- 
erty. A large mill was erected for the purpose of concentrating the ores, and 
a working shaft was sunk and connected with the mill by overhead tramway. 
From the exposure of the ore near the creek bed a tunnel was driven to the 
working shaft, a distance of about 250 feet, the most of which was through 
barren rock. This tunnel was driven on a level, and it may be that the ore 
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brated, is a rich carbonate, which occurs in several forms. At present the prin- 
cipal ore shown in the workings is zinc blende, although a large amount of car- 
bonate is associated with it. The workings are all related to what appears to be 
a fissure or fracture parallel with the main Rush Creek fault. There are minor 
faults and fractures and brecciation observable. With the exception of some of 
the minor faults the amount of displacement can not be estimated. It probably 
does not amount to man}" feet, and is a subsidiary feature of the displacement 
which has taken place along the main fault. The country rock is a dolomite, 
and there is both secondary chert and pink spar associated with the ore. A view 
of the largest opening is shown in PI. XXUI, A. The tract is seen entering 
opposite the fissure above mentioned. To the left is an irregular drift, in the 
walls of which rich oi'e is seen. To the east of the fissure, as here exposed, some 
shallow pits have been sunk which expose the material filling the fissure, and 
give reason to believe that it is continuous for some distance along the hillside. 
This mine is not only interesting because of the rich deposit which it discloses, 
and the association of original and secondary ores, but because of the structure 
which can be made out. Similar relations no doubt exist in other localities, but 
the fissures are seldom so conspicuous, although they have evidentl}^ played the 
same r61e in the processes of ore deposition, by determining the circulation of the 
mineral-bearing solutions. The deposition of the secondary ores appears plainly 
to be the result of the leaching of the sulphides by surface waters and the 
redeposition of them as' incrustations, principally as carbonate in stalactitic form, 
or as coatings upon the rock, and in some cases replacing the rock material. 

Mcintosh. — This mine is in the SE. i sec. 10, T. 17 N., R. 16 W., adjoining 
the Morning Star, and on the same hillside. The ore apparenth^ occurs in the 
same horizon. It has been mined principalh^ in an open cut and drifts from this 
cut. No fissure and no definite system of fractures could be made out at this 
place. It is approximately in line with the fissure at the Morning Star, which 
if it continues as far as the Mcintosh, is disguised in the hillside by the debris 
of the slope (PI. XXIV). In addition to the upper openings, some prospecting 
has been done on a lev^el with the creek, and has resulted in the finding of a 
breccia carrying zinc blende in a matrix of pink spar. This ore all resembles, in 
a way, that in the breccia at the Bculah and Zinc Basin, which occur at approxi- 
mately the same elevation on the north side of Rush Creek Mountain. 

^r7dte ^V^.— This mine (PI. XXV, A) is in the NW. i sec. 11, T. 17 N., 
R. 15 \V., in bottom land adjacent to Buffalo Fork just below the mouth of Rush 
Creek. The mine consists of a shaft 65 feet deep and a drift run from the bot- 
tom of the shaft. The ore-bearing rock is a siliceous replacement of the dolo- 
mites, and, although somewhat different from the deposit at the Morning Star 
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and Mcintosh, it is believed by some to occur at the same geologic horizon, but 
at a lower elevation as a result of the dip. It was impossible to verify this bj^ 
identifying the individual beds which outcrop at intermediate places; but it is 
not improbable that the mine is in the same geneml horizon, although the occur- 
rence of ore deposits at varying horizons makes it a doubtful and unimportant 
point. At the time this mine was visited no work was being done and none had 
been carried on for some time. It was, accordingly, filled with water and 
inaccessible. From an examination of the ore upon the dump it was seen that 
there is associated with the deposit considerable quartz as coatings of small 
crystals on free surfaces. Not nmch pink spar was observed. Calcite, how- 
ever, occurs interestingly at this place. A large mass of doubly terminated 
scalenohedral crystals was shown to the writer, which was reported to have 
come from a cave-like opening in the mine. Considerable conjecture and discus- 
sion has been indulged in by those who have visited the propertj^ as well as 
those interested in it, as to whether the Rush Creek fault passes through this 
ground and as to whether the ore deposit is related to fissures. In the absence 
of an examination of the workings nothing could be determined definitely on 
this point. 

Maryhattiana. — On this property considerable prospecting has been done in 
the bed of the creek and on the hillsides. The ore occurs in brecciated dolomite, 
and the rocks show some faulting and slight folds or waves. The vicinit\' is 
promising and of considerable interest, because it is situated south of the Rush 
Creek fault. The occurrence of ore along this creek shows th^t the ore bodies 
are not confined to the vicinity of the main faults. 

Red Chmd, — This opening (PI. XXV, /?), which consists of a large open cut 
on the hillside on the east side of Buffalo Fork opposite the mouth of Rush Creek, 
is in the NW. \ sec. 14, T. 17 N., R. 15 W. It is al)out 70 feet above the level of 
the river, and extends for approximately 100 feet along the l>luff. It is a shallow 
stripping and exposes rich deposits, the ore consisting principalh^ of zinc blende, 
which is found associated with secondary chert and pink spar. In places where 
the deposit is especially rich it replaces the adjacent country rock. The structure 
at this mine is obscure. The relation of the deposit to others in this locality was 
not satisfactorily- made out. The Rush Creek fault, which is in most places easih' 
traced, should strike across Buffalo Fork somewhere near the mouth of Rush 
Creek. The throw of the fault near Rush post-oflice is about 350 feet. It 
undoubtedly is less at many places, and apparently the displacement is taken up 
b}' irregular structure and diminishes before reaching Buffalo Fork, since it was 
not possible to locate the fault on the east side of that stream. The rocks in 
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the Red Cloud mine show some dip to the north, but it is slight and is not 
apparentlj'^ associated with any faulting. 

Silver Ilol/mv.— This mine is in the NW. i sec. 13, T. 17 N., R. 15 W., in the 
face of the south bluff of Buffalo Fork of White River. The lower opening, which 
is about 20 feet above the level of the river at its ordinary stage, is in a brecciated 
bed which carries a rich deposit of zinc blende, especially near the beginning of 
the tunnel. Near the surface the ore has been altered to zinc carbonate. The 
original deposit is clearly related to the bedding of the rock mass, zinc blende 
occurring in a secondary chert and with pink spar. The tunnel has been driven 
for a considerable distance, and has passed into barren ground. The faces of 
the earlier workings still show good ore. The development thus far indicates the 
localization of the ore bodies in a manner ^Y^ich is not uncommon through the 
district, the position seemingly having been determined by fracturing of the coun- 
try rock. The upper opening, which is about 50 feet higher in the bluff and 
about as far to the southeast, is an open cut in which work was in progress at 
the time the mine was visited. The ore body there has the appearance of occur- 
ring in a fissure. This is suggested by the difference in the character of the rock 
on the two sides of the opening and by the shape of the ore body. It was 
impossible, however, to ascertain whether this is the case, since in the newer work- 
ing the limits of the ore bod\' have not been reached and there are no satisfactory 
exposures on the bluff. The ore in the upper opening consists of zinc blende 
and zinc carbonate, associated with which is a large amount of pyrite. This is 
the only deposit seen in northern Arkansas where pyrite is abundant or associated 
w^ith zinc in quantities which impair the commercial value of the mine. The oxi- 
dation of the pyrite and zinc blende ha,s given rise to limonite and zinc carbonate. 
On the botryoidal surfaces the zinc carbonate is beautiful^ stained by the iron. 
Ore which carries such a large percentage of pyrite can not be cleaned satisfac- 
torily by the ordinary process of jigging, since the specific gravity of the two 
minerals is so nearh^ the same. In order to prepare this ore it will be necessary to 
resort to a process of roasting and rejigging, or magnetic separation. By roast- 
ing the ore the pyrite is deprived of a certain amount of its sulphur and is 
rendered relatively lighter. 

The lower opening in Silver Hollow is free from pyrite. Thus far the 
workings do not show the relation of the two ore bodies. If the upper one 
occurs along a fault zone it is probable that the lower one is related to this 
structure. Future developments may demonstrate this, or show that the two 
masses have been independently segregated. 

' Bo^it Creei; — This mine is near the mouth of Boat Creek, in the center of 
sec. 7, T. 17 N., R. 14 W. The ore deposit consists of zinc blende, occurring 



U. 8. GEOLOGICAL SURVEY 



PROrESSIONAL PAPER NO. 24 PL. XXV 




A. WHITE EAGLE MINE. 




B- RED CLOUD MINE. 



MINES AND PROSPECTS. 77 

in rich masses associated with pink spar and replacing dolomite. Here, as in 
other places in the district, in the process of ore deposition there has been 
produced what is sometimes referred to as disseminated blende. This term is 
used by the prospectors in northern Arkansas to designate ore which is found 
in small crystals and masses in the country' rock. The process of formation is 
not an unusual one, and may be more appropriately described under the name 
of replacement. The ore-bearing solutions which gave rise to the ore occurring 
in the open spaces associated with pink spar in a breccia also dissolved the 
adjacent country rock and precipitated crystals of blende in the place of the 
material extracted. This apparently has occurred where the solution was rich 
in zinc, as is attested by the fact that the ore in the breccias occurs in large 
masses. The Boat Creek deposit is related to the bedding of the rocks, and 
the same horizon is demonstrated to be ore bearing at other places near by. 

Sam Hill. — ^This prospect, which is immediately below the Key sandstone, and 
consequently near the top of the Ordovician beds, is of interest here as showing 
the verticAl range of the ore bodies. It is situated in the SE. i sec. 13, T. 17 
N., R. 16 W., about 500 feet above the level of Buffalo Fork. It is accordingly 
nearly 300 feet above the Boat Creek mine, and over 300 feet above the Silver 
Hollow. The ore at the Sam Hill mine occurs in brecciated and fractured dolo- 
mite. The workings thus far are in rocks which show the action of surface 
waters, and accordingh' there is present a large amount of silicate and car- 
bonate, although the original deposit was plainly zinc blende. 

Banana.— On Cow Creek, in the SE. i sec. 10, T. 17 N.,' R. 14 W., the 
Ordovician rocks have been extensively brecciated, and the displaced fragments, 
which vary in size up to several inches in length, can be seen in the weathered 
exposures of the beds on the hillsides at many places. Brecciation has occurred 
at several horizons. The Bonanza opening is in such a bed, where the ore 
deposits for some reason have been localized. The working con.sists of an open 
cut in a shaft which has demonstrated a workable body. The ore consists of 
zinc blende associated with pink spar, sometimes occurring in large masses. It 
has been altered to loose secondary deix)sits of carbonate and silicate. On this 
property a core drill has been used in prospecting. It is a light, portable 
machine, which cuts b\' means ol chilled shot, and with it it has been possible 
to pass through the. open ground, which would he difficult with other drills. 
The cores from some of the holes were examined. They show plainly the 
brecciated condition of the ground and the extensive deposition of pink spar. 
The ore, as might naturall}' l)e expected, varies from place to place in the 
breccia, and the value of the drill is in determining where it occurs in workable 
quantities. 
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Chri^stie.— In the south part of sec. 19, T. 17 N., R. 16 W., on Water 
Creek, considerable prospecting has been done in a bed of brecciated dolomite. 
The ore is principally zinc blende associated with pink spar. The extent of the 
deposit has not l^en determined, work being in progress at the time it was 
visited. The opening is in the upper part of the Yellville limestones, and the 
ore-bearing bed is not unlike the ordinary brecciated deposits of the district. 

BAXTER COUNTY. 

The mines and prospects near Mountain Home, Baxter County, are all situ- 
ated in the Yellville dolomites. In this part of the field the Boone formation 
has been wholly removed, and the upper portion of the dolomite series is like- 
wise largely worn away by erosion. Prospecting in the southern part -of the 
county adjacent to the area in which the Boone formation is present has not been 
extensively carried on. It may be that this part will also prove to be within the 
mining district. 

Haickeye ^i'o. 1. — ^This prospect is situated between East Pigeon Creek and 
Baird Creek, in the NE. i sec. 1, T. 21 N., R. 13 W. Two open cuts have been 
made in the hillside. The rocks which are exposed are more or less siliceous 
horizontal dolomites. They have been fractured and jointed, and in places brec- 
ciated. The ore at this place has associated with it quartz, lining the cavities 
and depsited on the surfaces of the rock. About 50 tons of crush rock carrying 
blende and about 20 tons of fairly rich zinc carbonate ore have been piled up. 

ITiiIsmbeck.—J^hesG workings (PL XXVI, A)^ which are in the SW. i sec. 31, 
T. 21 N., R. 12 W., expose beds of dolomite which have quartz crystals deposited 
as a thin scale on the surfaces and in cavities. The ore, which is principally 
blende, is found mainly on the quartz. Some of it has been oxidized to carbonate. 
There is also some secondary chert exposed in the workings, and this bears evidence 
in places of having been leached of its ore. Some carbonate has been shipped 
from this property. 

Gavihetta. — ^This prospect consists of shallow shafts and a short tunnel, which 
is situated in the SE. i sec. 3, T. 20 N., R. 13 W. The ore, associated with 
quartz and calcite, has the appearance of occupying a solution channel in the 
dolomite. 

Lost mine, — The Lost mine is situated in the SW. i sec. 2, T. 20 N., R. 13 
W. It has produced principally galena. The workings consist of two open cuts 
in horizontal dolomites, which contain cherty beds. In the north cut a vertical 
fissure filled with broken dolomite and calcite is seen. It is apparently produced 
by a slight fault, which has a direction N. 80^ E. The shaft which is sunk at 
this nilne could not be examined because it was boarded up, but some ore has 
been found in it, as shown by the rock on the dump. 
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Hopeful.— This prospect is situated in the SW. i sec. 25, T. 21 N., R. 14 W. 
The largest cut exposes a bed of compact dolomite, but slighth' fractured, under- 
neath which is a second one of similar character. The bedding plane between 
them shows undulations. The ore is blende, with a little galena associated with 
milky calcite. The rocks have not been richl}^ mineralized. No clear structure 
could be made out which would account for the localization of the deposit. 

Bald Z>avd.— Bald Dave Mountain lies in sec. 11, T. 2 N., R. 14 W. On its 
northwest slope some blende and galena have been found, as well as zinc carbon- 
ate, which has resulted from the alteration of the blende. The ore is associated 
with calcite and some quartz. There are a number of other prospects at this 
mountain, in some of which there is a brecciated structure. 

Gold Standard and Mark Ilanna. — The Gold Standard is situated in the 
SE. i of sec. 30, T. 20 N., R. 14 W. The Mark Hanna is in sec. 29, close by. 
The rocks are even bedded, but exhibit a slight dip to the northeast. The ore 
consists of zinc blende and carbonate associated with quartz. A considerable 
amount of hand-picked ore is on the dump at the Gold Standard. 

Cedar Gap, — At this prospect, which is in the SW. i sec. 31, T. 20 N., R. 
14 W., considerable development has been made, disclosing fractured and brecciated 
beds in open cuts, carrying zinc blende and zinc carbonate in openings of the 
rocks. The locality seems to be richly mineralized, and a good shipment of ore 
is awaiting transportation. 

Ilawkeye No. 2. — This prospect is similar in character to the one just described. 
It is in the center of sec. 31, T. 20 N., R. 14 W. The surface workings disclose 
principally zinc carbonate, which has resulted from the alteration of the blende, 
which is deposited in the fissures and crevices of the dolomites. 

Big John. — A number of open cuts which bear this name are situated in the 
NW. i of sec. 6, T. 39 N., R. 14 W. The rocks are dolomites, which contain 
cavities lined with quartz crystals. A small amount of zinc blende and carbonate 
is found associated with these druses. 

Wallace A"w6;J.— Wallace Knob, near the center of sec. 33, T. 20 N., R. 13 W., 
is crossed by a low ridge of brecciated material, which has a direction N. 60^ E. 
The brecciation is evidently due to the dragging of the beds along a fault plane. 
The prospecting thus far has found a little blende and some pyrite, which has 
been altered in places to limonite. 

SEARCY COUNTY. 

The development in Searcy (/ounty is near its northern border, along the 
valley of BuflFalo Fork and its tributaries, especiall}^ to the east and west of St. 
Joe. Considerable prospecting has recently been done, and the building of the 
railroad will stimulate further work in this county. 
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Winchester.— ThiH property is in the SE. i sec. 2, T. 16 N., R. 15 W. An 
open cut has been made in the bed of one of the main tributaries of Rock Creek. 
The horizon is the upper part of the Yellville formation. The Key sandstone and 
the St. Joe member of the Boone formation are exposed at intervals along the 
bluffs of the ravine, sometimes only a few feet above the level of the water and 
dipping down to the bed of the branch, where the rocks have, an undulating 
structure. The ore of this place is a rich deposit of blende associated with pink 
spar. The rocks have been fractured and brecciated, and apparently the Win- 
chester claim is about the horizon of a number of prospects which have been 
more or less developed farther up on this same stream. It is one of the most 
promising localities southeast of Buffalo Fork. 

There are a number of prospects in the valleys tributary to Buffalo Fork 
from the southeast, but not very much development work has been undertaken. The 
Yellville formation is exposed in the immediate valleys of the streams, and pros- 
pecting has been carried on at horizons varying from a few feet to 200 feet 
below the Key sandstone. The elevation above the level of Buffalo Fork varies 
according to the dip of the rocks, and occasionally with definite faulting. At some 
places ore is found in the bed of Buffalo Fork. At the mouth of a short hollow 
called Otter Slide a" deposit of ore in breccia was seen. Near the mouth of 
Spring Creek the Noxall prospect exposes a deposit of zinc blende associated 
with pink spar. 

Jackpot {an Buffalo Fork). — High on the bluff on the west bank of Buffalo 
Fork in the southern part of sec. 8, T. 16 N., R. 15 W., there is an opening 
under the Key sandstone which is known as the Jackpot. The ore at this place 
consists of small crystals of blende .occurring in a mass of pink spar. The 
workings indicate that the ore and spar were deposited in a water channel. The 
distribution of the blende crj^stals in the spar, and the fact that there is but little 
zinc ore which is related to the countr}'^ rock, favors this conclusion. Prospecting 
with a drill and by means of open cuts is being carried on adjacent to the 
Jackpot and on the opposite side of the river at lower horizon^s. There is a fault 
plainl}^ visible in the bluff a short distance down the stream, but thus far, as is 
not uncommonly the case in this region, no ore , has been found which is 
immediately in the zone of faulting. 

Near the mouth of Water Creek there is an opening in a brecciated bed of 
dolomite which exposes considerable ore associated with pink spar. This prospect 
is not named, but is on what is known as the Jones property. 

Maumee. — On the west side of sec. 12, T. 16 N., R. 16 W., in the valley of 
Greenhaw Hollow, is a prospect known as the Maumee. This opening is imme- 
diately below the Key sandstone, in horizontal beds of dolomite. The ore is 
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associated with pink spar, which appears to be deposited along the water channels 
and to some extent in jointing planes and bedding planes of the countr}- rock. 
There are rich masses of blende in the crush rock upon the dump, but an exam- 
ination of the tunnel indicated that the ore varied considembly in amount from 
place to place. Here, as at other places where the blende occurs in large 
masses, the ore is also found replacing the countrj- rock adjacent to the main ore 
bodies. There is some carbonate and silicate, as a result of alteration of the 
primary ore. A little chalcopyrite occurs as small crystals on the pink spar. 
This mineral has been altered by the same oxidizing solutions which have aflFected 
the blende and given rise to greenish and bluish copper stains, which occur 
sparingly in the secondary zinc ores. 

Mud llollmc— Wong Mud Hollow the Ordovician rocks show some folding, 
and near the mouth of the hollow there is a fault, as shown on the geologic map 
(PI. V). The prospecting in this locality' is in the west side of sec. 15, T. 16 
K., R. 16 W., distant from the fault, at a place where the rocks have been 
brecciated and fractured but not displaced vertically. The ore is associated with 
secondary chert and with dolomite spar. It consists of zinc ])lende, with some 
carbonate and silicate. Here, as at the Maumee, there is a moderate amount of 
chalcopyrite, and copper stains are in evidence on the secondar}- ores, as the 
result of alteration of this mineral. 

Excelsior {f<yi^merly the St, Joe), — On Monkey Run, just north of St. Joe, in 
the south part of sec. 7, T. 16 N., R. 17 W., considerable prospecting has been 
done near the St. Joe fault, and at the Excelsior a shaft house has l)een erected. 
There are some shafts immediately on the fault and others to the north, where 
the rocks, although considerably fractured, retain a nearly horizontal position. 
The shafts which are on the fault have found but little ore with the exception 
of a small amount of carbonate and silicate occurring in the material tilling the 
fault zone. The fault zone is clearlv indicated by what is locally known as a 
"marker." This is a ma.ss of broken rock fragments cemented together, which, 
upon weathering, remains above the level of the surrounding beds as a rough, 
bowlder-like mass. In so far as has been made out it was not originally miner- 
alized. Most of the ore thus far found is at a considerable distance from the 
fault, and consists of zinc blende associated with some pink spar deposited in 
small fractures, and does not, in so far as now known, occur in large masses. 
Apparently the expectation of those who began o{)erations at this place was that 
they would find a rich ore body adjacent to the fault. Further prospecting may 
develop workable ore at this locality. 

Da^ Crockett.— In the NE. \ sec. 9, T. 16 N., R. 17 W., and in the NW. \ 
sec. 10, some prospecting has been done to the north of the St. Joe fault. As 
4538— No. 24—04 6 
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is the case near the Excelsior, no ore has been discovered along the fault zone. 
What ore has been found is to the north, and is exposed in the open cut. It is 
zinc blende associated with pink spar, and is found in a fractured bed of dolo- 
mite. 

Big Ilurri^atie, — In sec. 7, T. 16 N., R. 18 W., considerable prospecting has 
been done on the upper part of Hurricane Branch. An east-west fault extends 
along the valley at this locality. The downthrow of the fault is on the south 
side, and brings the Boone flint in contact with the Ordovician. The ore thus 
far found occurs in the Boone adjacent to the fault, where, apparently as a 
result of the dragging of the rocks at the time of displacement, brecciation took 
place. The workings consist of open cuts and a shaft, and drill holes have been 
sunk near by. The ore consists of zinc blende, with a large amount of carbon- 
ate and some silicate, as a result of the alteration of the primary deposit. The 
rocks in the open cut have a dip to the south, and the ore pitches with the 
rocks. Development at this place has not been very systematic. There is, how- 
ever, an encouraging amount of ore in sight. By hand picking carbonate may 
be largely separated from the sulphide, but from the present workings the out- 
put of this mine would be mix^d ore. 

NEWTON COUNTY. 

The mines and prospects in Newton County occur both in the Boone forma- 
tion and the Yellville dolomites. The dolomites are found to be ore-bearing in 
the valleys of Mill Creek, Buffalo Fork, Davis Creek, and Cave Creek, while 
the developments in the Boone limestone are in the vicinity of Boxley, Jasper, 
and Cave Creek. 

Spitn\ — About 4 miles west of the Big Hurricane, on the same fault, near the 
center of sec. 9, T. 16 N., R. 19 W., is the Spier property. The displacement 
here, as at the Big Hurricane, brings the Boone chert in contact with the Ordo- 
vician dolomites, and the crushing of the brittle beds of the ^oone has produced 
a fine breccia, which has been mineralized. A shaft (PI. XXVII) has been sunk 
in the ore-bearing rock, and is apparentlv but a few^ feet south of the fault. The 
ore is zinc blende, excepting in the upper part of the breccia, and occurs in 
small and scattered amounts, uniformly distributed. The Boone has been so finely 
crushed at this place that the breccia, although consisting of practically the same 
material as at the Hurricane, bears but little resemblance to the ore-bearing rocks 
at that place. 

In the valley of Shaddock Branch, intermediate between the Hurricane and 
Spier properties, some prospecting has been done to the north of the fault zone, 
which has disclosed zinc blende in the Ordovician dolomites. This prospecting 
is not extensive, but is mentioned here as showing that to the north of the 
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fault, in the Ordovician rocks, where they are relatively undisturbed, ore is 
found in very much the same horizon and attitude as to the north of the fault 
at Monke}' Run. 

Marble City.— Iw the SW. \ sec. 29, T. 17 N., R. 20 W., a short distance 
below the post-office of Willcockson, there is a prospect in the bed of Mill Creek. 
The rocks at this place are the upper portion of the Ordovician dolomites, the 
saccharoidal sandstone bein^ exposed on the bluff about 50 feet above. The 
development consists of an open cut, which shows considei'able ore occurring in 
dolomites, with which are asvsociated quartzosc sandstone. The sandstone or sandy 
dolomite at this place apparently is an original portion of the dolomite series, 
and has not been infiltrated. It consists of material similar to that which com- 
poses the saccharoidal sandstone, but the quartz grains are in a matrix of dolo- 
mite. The ore-bearing bed is from 6 to 8 feet in thickness, and in working it 
Mill Creek has been diverted from its channel. There is some chalcopyrite asso- 
ciated with the ore, and the alteration of this has given rise to bluish and 
greenish stains, as a result of the small amount of copper present. The rock^j 
at this place exhibit fracturing and brecciation. There is considerable pink spar 
present. The sulphides have been partially altered to carbonates and silicates. 

There are a number of openings lower on Mill Creek, w^hich show more or 
less ore in relations approximately the same as at the Marble City mine. 

Canton.— In the SE. i sec. 6, T. 16 N., R. 20 W., considerable mining has 
been carried on, and a small crusher and hand jigs have been operated for con- 
centmting the ore obtained. The deposit at this place, which is in and just 
below the bed of Mill Creek, has been worked by means of a shaft and open 
cuts. The rocks show rich zinc blende, occurring in masses associated with pink 
spar, and there is considerable accessory ore, which has been deposited by 
replacement of the countr}^ rock. 

Wichita Bcfle.— This prospect is situated in the NW. i sec. 12, T. 15 N., R. 
19 W., near the mouth of a short tributary of Cave Creek. It consists of an open 
cut in the bed of the stream, and shows zinc blende associated with pink spar in 
a brecciated bed of Ordovician dolomite. The rocks in this vicinity show some 
divergent dips, but no structure outside of brecciation could be determined at 
the locality of the prospect. The zinc blende has been altered to some extent 
to carbonate. Not very much work has been done at this place, but it is prob- 
able that the brecciated bed could be more extensively developed. 

Old Granby,—lii sec. 35, T. 15 N., R. 19 W., near the head of Cave 
Creek, considerable mining was formerly attempted by the Granby Mining and 
Smelting Company. The rocks at this place are the upper portion of the Boone 
chert. The ore, which was obtained by means of shafts^ is developed along 
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fissures, and is found in material filling the fissures and replacing the country 
rock. Very little information could be obtained concerning the workings, except- 
ing by examining the material on the dump near the shafts. 

Carbonate Nose. — In the northeastern part of the same section in which the 
Old Granby shafts are located are some workings which show a considerable 
amount of carbonate. The ore obtained from them was reported, however, to 
have been principalh' blende, with some galena. 

Gomjoick.—Yw the SE. i sec. 3, T. 14 N., R. 19 W., there are a number of 
prospects and shallow pits from which carbonate and blende have been obtained. 
The surface of the Boone chert at this locality exhibits a number of fissures, 
and it is on these that the prospects are located. The ore found near the surface 
is largely carbonate, as a result of surface alteration. 

The prospects above described are quite different from those in the northern 
part of the district. They are in a different formation, and the rocks show a 
different type of structure. The geology of this region has not been carefully 
studied, but there is considerable evidence of faulting, which extends in a 
northeast-southwest direction. The fissures ma}^ or may not be related to this 
faulting. The slickensides observed indicate that the rocks have been under 
compression, and that movements have taken place in a horizontal plane. The 
faulting may be of later origin. The concentration of the ore in the upper part 
of the Boone must be accounted for in a different manner from that which 
occurs in the Ordovician. Erosion has but recently removed the shales which 
formerly overlaid the Boone at this place, and sufficient time has not elapsed for 
the agencies of weathering to have leached out the ore deposits, although this 
has taken place to some extent. It is probable that the accumulation of ore in 
the upper horizon of the Boone was the result of the concentration of the 
original contents of the formation by circulation under hydrostatic pressure. 

Pantlwr Creel\—\\\ the NE. \ sec. 31, T. 16 N., R. 21 W., near the head of 
Panther Creek, are a number of open cuts, shafts, and tunnels, in the upper part 
of the Boone formation. The structure at this place indicates that the rocks 
have been compressed and fractured. The slickensides observed indicate move- 
ment both in the horizontal and vertical planes. The ore found is associated 
with the fractures, which have a direction of N. 30^ E., and consists principally 
of zinc blende; but there is some carbonate, and a minor amount of silicate where 
surface waters have altered the ore. The ore runs in irregular sheets and masses, 
varying in richness from place to place, apparently with the width of the fissures, 
it also occurs along the bedding planes laterally from them. Some galena is found 
associated with the zinc. This is one of the well-defined examples df the associ- 
ation of ore with fissures, which seems to be the common case in the portion of 
the district where the deposits are in the Boone. 
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There are a number of smaller openings and prospects in the vicinit}' of 
Panther Creek, but not very much development work has been done on them. 

Chimyiey Rock, — In sec. 7, T. 16 N., R. 22 W., near the head of a tributary 
of Clifty Creek, there are some openings known as the Chimney Rock mine. 
They are related to a fault, which may be seen traversing the Boone chert at 
this place. The walls are slickensided and give evidence of the movement of the 
rocks past each other. The amount of throw, however, could not be measured. 
Ore occurs in the broken chert and limestone filling the fissure. This material 
is exposed at the surface along the line of the fault, standing up as irregular 
bowlder-like masses. The ore from this mine was principally galena. 

Baler cfe McGratL—li\ the SW. i sec. 18, T. 16 N., R. 22 W., on the east 
side of Villines Creek, there is a mine which is located upon a fissure. The 
workings consist of an open cut and a shaft (PI. XXVI, B) located on the fissure, 
which has a north-south direction. • A considerable quantity of crush rock is piled 
up near the mine. The ore is principally blende, although galena also is found. It 
occurs in the material filling the fissure, and the country rock for a short distance 
adjacent contains accessory ore deposited by replacement. 

Bonanza, — This property is similar to the one above described in the character 
of its ore and the structure of the rocks. 

Ponea City, — This prospect is situated in the SW. \ sec. 24, T. 16 N., 
R. 23 W. Prospecting was done here some years ago, and at the time the place 
was visited work was in progress on an open cut, from which considerable ore 
was being obtained. The ore originally consisted of blende, with some galena, 
but has been largely altered to silicate and carbonate. Occasionally the carbonate 
is stained with cadmium, giving rise to the variety known as ^'turkey fat." An 
examination of an old shaft and tunnel at this place shows that the ore body is 
apparently related to fracturing or faulting, which has a direction of N. 20^" E. 

Be7meU.—ln the SW. i sec. 26, T. 15 N., R. 23 W., are a number of shafts 
and open pits from which ore has been obtained. At the time they were visited 
no work was being done. The material lying on the surface indicated that the 
ore was largely carbonate. The deposit is apparently related to jointing and 
fracturing, which has a direction of N. 45^ E. Some ore has been shipped from 
this mine. 

SUGGESTIONS FOR PROSPECTING ANI> MINING. 

While the study of the district allows certain inferences to be drawn which 
may be of value in prospecting and in working the ore bodies already located, 
each individual case requires judgment and experience, since there are so many 
factors involved. Naturally there is no better rule than the common one of the 
miners, which is to follow the ore. In doing so the structure of the rocks at a 
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given locality should be studied and the general chaiucter of the deposits should 
be determined. The classes of deposits outlined in this paper, while they are 
intended to explain the genesis of the ore, may be applied by the practical 
miner to the deposit which he is working. 

Thus far the principal difficulty encountered in the district has arisen from 
the mixed nature of the ore found in surface workings. The oxidized ores are 
associated with the sulphides and can not be readily separated, so that the con- 
centrates are mixed. Men experienced in handling such ores, however, meet 
with a fair degree of success by remodeling the mills and reworking the ore. 
As the production increases, it is probable that smelters will be erected which 
will handle mixed ore, since this has been done in other fields. At the present 
time the ores are for the most part purchased b}" firms engaged in the manufac- 
ture of zinc oxide. As the mines are carried deeper, or under sufficient cover, 
oxidized ores give way to the sulphides, and clean concentrates are readily 
obtained. 

Certain of the deposits produce almost wholly sulphide ore. In them the 
only difficulty ordinarily' experienced is that of finding large and continuous 
bodies. 

The variation in the richness of the bedded breccias has already been alluded 
to. Sometimes there is an abundance of pink spar, but no ore. Persistent 
prospecting at these localities usually results in finding more ore, although some 
of the workings have been abandoned because they are too lean to work 
profitably. 

At the present time there are a number of large mills in the district and 
relatively few hand jigs. It is a well-accepted fact that ore can be profitably 
concentrated with hand jigs, and where there is an}'^ uncertaint}' as to the extent 
of the deposits it would be well to work them with an inexpensive equipment 
until there is a sufficient amount of ore in sight to justify the erection of a mill. 
There are certain mills already built which are situated so that they could profit- 
ably be run as custom mills, and where experience has shown that the deposits 
which are intended to supply them are not sufficiently rich to demand their full 
capacity the}^ could be profitably employed in doing custom work. 

A favorable point in the Arkansas district is the absence of water in most 
of the mines. This is due to the fact that many of them are located on slopes 
and hillsides, so that the workings are drained. On the contrary, however, it is 
occasionally difficult to find or store a sufficient amount of water for the milling 
operations. This difficulty can usually be overcome by choosing a location for 
the mills a short distance from the mine. In some instances it will be necessary 
to pump water to the mills. 
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OPINIOXS OF PREVIOUS WRITERS. « 

In the previoua* reportn on the * northern Arkansas field certain ideas have 
been advanced which are not accepted by the writer. These pertain largely to 
theoretical considerations, and some of them deal with geologic facts. Professor 
Branner, in describing the breccias, .states tliat the bedded breccias were not 
foimed on fractures, but along ancient underground watercourses. It is appar- 
ently his belief that the dissolving of the dolomites caused the rocks to collapse 
along the water channels, and thus form the mass of irregular fragments which 
constitute the breccias. An examination of the pieces which constitute the 
breccias shows that they are angular, and have suflfered relativeh^ little solution. 
The writer has argued that these breccias were produced b}^ the diflFerential 
movement of the strata which caused the fracturing of the rocks and the shearing 
of the pieces past one another, so that they were more or less rotated from their 
original positions. The breccias when once fomied were sufficiently open to afford 
channels for the circulation of the ground water, and it was due to this fact that 
the cementing material was introduced. The matrix of the breccias consists 
largely of pink spar, with which was deposited more or less ore. 

Professor Purdue, who had studied the field previous to the work done for 
this report, had reached the conclusion that the breccias were due to fractures, 
and during the progress of the summer's work his opinion was strengthened by 
his observations. His conclusions, which were reached independent!}-, are recited 
here in confirmation of those of the writer. However, at certain places in the 
field, especially in the lower horizons of the Boone formation, there is definite 
proof of the collapsing of the rocks adjacent to sink holes and solution channels. 
Some of these localities have been prospected. The}^ are distinct in character 
from the breccias, and are recognized by the miners in the district as old caves 
or sinks. They usually contain a large amount of clay, and the relation of the 
undisturbed rocks adjacent to them is clear proof of their manner of origin. 

Mr. Bain, in speaking of the breccia deposits, considered them to have been 
formed along zones of pressure, and accordingl}' to have their greatest extent in 
the vertical rather than the horizontal plane. He also mentions limestone con- 
glomerates as occurring in the district. Careful stud}" of numerous localities 
failed to show the existence of such conglomerates, and it is the opinion of the 
writer that the beds observed were probably breccias. The relation of these 

a Branner. J. C, Zinc and lead deposits of northern Arkansas: Ann. Kept. Arkansas Geol. Survey for 1892, toI. 5, 1900; 
also Trans. Am. Inst. Min. Eng., vol. 31, p. 572. 

Bain, H. F., Preliminary report on the lead and zinc deposits of the Ozark region, Twenty-second Ann. Rept. U. S. 
Geol. Survey, pt. 2, 1902, pp. 195-202. 

Van Hlse, C. R., and Bain, H. Foster, Lead and zinc deposits of the Mississippi Valley, read before the Institution of 
Mining Engineers at the general meeting at London, May 29, 1902: Excerpt from Trans. Inst. Min. Eng., pp. S4. 35. 
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80-called conglomerates to the brecciated beds, and the importance of bedded 
breccias, does not seem to have been recognized by Mr. Bain. 

In regard to the faulting of the region, the writer presents an interpretation 
which is decidedly opposed to the one given by Professor Brauner. In Professor 
Branner's report, certain of the more important faults are figured and described 
as thrust faults. Careful study of the relations of the rocks, as well as the hade 
of the fault planes and fault fissures, shows that the displacements are normal in 
most cases. Because of the large amount of detrital material on the slopes, the 
exact relations of the beds along the line of the faults are not alwa3"s determin- 
able. However, the sagging of the rocks on the dow^nthrow side is readily seen 
to be the greatest at the point of maximum displacement, while on the upthrow 
side the strata usually retains relatively the same level throughout the extent of 
the fault. 

There are certain places in the field where thrust faulting was observed. It 
did not give rise to definite lines of dislocation, but resulted rather in buckling 
and crushing of the stmta. The normal faulting is regarded as having taken 
place subsequent to the compression which produced the brecciation, and as being 
due to a readjustment following the stresses, or to later oscillations of level of 
the formations of the region. 

In regard to the theory of ore deposition, there are likewise certain differences 
of opinion. These differences are largely theoretical, although thej^ pertain in 
some degree to the economic development of the field. Professor Branner 
described bedded deposits which he thought were contemporaneous with the rocks 
in which they occur. The ore bodies which he placed under this class are 
believed by the writer to be due to secondary alteration and replacement of the 
rockg. An examination of prospects, which are characterized by secondary chert, 
shows that in many cases the original bedding of the dolomites has been retained 
in the structure of the chert. 

Mr. Bain has given considerable prominence to what he called disseminated 
ore in compact limestone and unbroken conglomerate. The writer failed to 
observe any deposits which could be characterized by this description. It is his 
opinion that the conglomerates mentioned by Mr. Bain are really of the nature 
of breccias, as above pointed out. At a number of places where the ore bodies 
are rich the recrystallized country rock carries more or less ore. Such occurrences 
have been designated in this report as accessory ore, and it is not improbable 
that it is this t3^pe of deposit which was referred to by Mr. Bain as disseminated 
ore in compact limestone. 

In the discussion of the ore deposits of the Mississippi Valley Mr. Bain and 
Mr. Van Hise have argued that the probable source of the ores is the Ordovician 
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dolomites, which in northern Arkansas are included in the Yellville formation. 
While the writer has taken a position which does not preclude this possibility, he 
has also shown that the circulation of the ground water has been largely a 
downward movement, and he is inclined to the opinion that it is this circulation, 
rather than the movement of solutions under hydrostatic pressure which has given 
rise to the ore bodies. The ore has no doubt been in part concentrated from the 
Ordovician by the downward movement of solutions, but the formation which 
apparently has been most extensively^ leached of its mineral contents is the Boone 
formation. This is known to be ore-bearing at a number of places in the Arkansas 
field, and in the Ozark region in general it is a source of ore. Wherever ore 
deposits are found in the Yellville formation, the Boone has previously been 
present over it. Its superposition, and the presence in it of lead and zinc ores, 
together with the fact that it has been wasted under the influence of atmospheric 
agencies and leached by ground water, would seem to make this opinion altogether 
a reasonable one. 

Ore deposition in the Ozark region, and in the Mississippi Valley in general, 
although controlled by the same general principles, has occurred under varying 
conditions; and it seems reasonable to expect that while there are in the various 
districts many similarities, there should likewise be important differences; and, 
accordingly, no general theory can be offered for the entire area. Thus far the 
northern Arkansas district appears to warrant consideration as a distinct field, as 
it is not a counterpart of any district which has been described. 



DETERMINATIOX AND CORRELATION OF FORMATIONS. 



By E. O. Ulrich. 



Several weeks of the summer of 1902 were spent in collecting stratigraphic 
and faunal data relating to the geologic formations of northern Arkansas, and of 
the Yellville quadrangle especially. Most of the field work was carried on in 
company with Mr. George I. Adams, who was in charge of the survey of the 
quadrangle. After working out the section in that area, Marshall, Eureka 
Springs, Fayetteville, and several localities in the vicinity of Batesville were 
visited. All of these are type localities of formations named and described in 
the reports of the Arkansas geological surv^ey. 

In every case the lithologic and stratigi-aphic characteristics of the forma- 
tions were carefully studied, and in most cases large collections of fossils were 
secured. Since returning from the field these fossils have been sorted and 
determined in some cases very thoroughly, so that the writer feels reasonably 
confident of the correctness of the correlations based chiefly upon them. In 
formulating conclusions, however, all available evidence was duly considered, 
nearly as much reliance being given to lithologic peculiarities and stratigraphic 
relations as to faunal aspects. 

Beginning with the lowest, the following lithologic formations are distin- 
guished: Yellville limestone. Key sandstone, Izard limestone, Polk Bayou lime- 
stone, St. Clair formation, Sylamore formation, Noel shale, Boone formation with 
the St. Joe limestone member at base, Moorefield shale, Batesville sandstone, 
Fayetteville formation, Wedington sandstone, Pitkin limestone, Morrow forma- 
tion, and Winslow sandstone. The relations of these formations to one another 
and to stratigraphic divisons proposed by previous authors, and also the 
respective positions of the formations in . the time scale, are shown in the 
accompanying correlation table. 
90 
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DESCRIPTION OF CORRELATION TABLE. 

The above tabular arrangement and correlation of the lithologic units or 
I formations which it is proposed to recognize in mapping northern Arkansas and 

southern Missouri (second column) bring out in a graphic manner their relations 
to all the time divisions so far recognized in the eastern half of the interior 
continental or " Mississippian province."^ The Ordovician portion of the scale 
is in accordance with the latest revisions of the sections in New York, Ohio, and 
Tennessee. The Silurian and Devonian follow the New York section, except that 
, the divisions usually recognized beneath the Clinton are omitted. The Mississippian 

is, according to the section in the Mississippi Valley, worked out and soon to be 
published by the writer.* 

The upper Mississippian is given in full, because this portion of the Paleozoic 

8e9tion is best developed in northern Arkansas. It is perhaps unnecessary to 

I add that the author has no intention of intimating that the time tenns printed 

horizontally are even approximately coordinate. That might be claimed only for 

the names in the Mississippian portion above the Kinderhook. As to the rest, 

where the Arkansas section is incomplete it was thought sufficient to use terms 

of higher values onl3\ 

! The third column shows the formations and parts of formations that, so far 

as observed, occur throughout the region. In the second and fourth columns 

! are shown the portions of the complete section that, so far as observed, are 

I missing always in Arkansas, and those parts that were laid down only locally in 

embayments of old shore lines. The fourth column shows also the overlapping 

formations that were laid down in extending seas and are more and more 

incomplete basally in the higher parts of the ancient Ozark land mass; it shows 

also those formations of which the upper portions were in places eroded. The 

j fifth column, finally, shows the classification used in the latest reports of the 

Arkansas geological survey. 

a By this term Is meant the area covered by a great though frequently modified Inland sea that in Paleozoic time 
occupied more or less of the territory l>ing between the Rocky Mountains on the west and the Appalachian Mountains on 
the east. The name Mississippian was applied to this sea and province by Walcott (Proc. Am. Assn. Adv. Sci., 1894) and 
adopted by Ulrich and Schuchert in their recent preliminary discussion of '* Paleozoic neas and barriers in North 
America " (Rept. New York State Paleontologist, 1902). The term, however, is confusing, since it has a fixed application 
to the Lower Carboniferous rocks of America, and therefore its use as a denomination of a sea ought to be restricted to 
the waters in which the Mississippian series of rocks was deposited. It is also unsatisfactory, since in only a few cases do 
Paleozoic formations of the eastern half extend west of the Ozark uplift. The only one coming to mind now is the 
' Richmond. All or nearly all of the other formations can be definitely placed either in the eastern or In the western 

division. It is suggested, therefore, that the Mississippian province be divided into two provinces, the easternmost or 
Kankakee axis of the Ozark uplift being the line of separation in some cases, the main Ozark axis in others. For the 
eastern division the name Ohioan province is suggested. On the east It was bounded during the Ordovician, Devonian, 
and Carboniferous by the Appalachian Valley barrier, and during the Silurian in part by the same barrier and in part by 
the Helderbergian barrier. These two barriers separated it from the Atlantic waters in the Appalachian province. As 
the western division requires further study before it can be definitely decided that it Is not again divisible, into a northern 
and a southern province, no name is proposed. 

bThe lead, zinc, and fluorspar deposits of western Kentucky (in preparation). 
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Stratigraphic unconforuiitieH, when general in the area under discussion, are 
denoted by a wavy line drawn entirely across the fourth column of the table, 
either beneath or above the formation name. Horizons of occasional uncon- 
formity are distinguished by the wavy line being drawn onl}' half across the 
column. 

Beginning at the bottom of the column the first stmtigraphic unconformity 
shown, except w^here the Key sandstone has been removed entirely, occurs between 
the Key sandstone and the Izard limestone, the interval represented by the 
unconformity at its shortest being equivalent to the Stones River, Black River, 
Trenton, and Utica ages. As a rule this interval persisted through the remainder 
of Ordovician time and through all of the succeeding Silurian and Devonian, the 
first deposits to cover the eroded Key sandstone or, if that is wanting, the Yell- 
ville limestone, being either the Noel shale (as at Eureka Springs) or some part 
of the St. Joe limestone member of the Boone formation of the Carboniferous 
system. 

The six formations intervening between the Key sandstone and the St. Joe 
limestone member (see table) are all more or less local in their distribution. The 
Izard limeston3 and the Sylamore formation are more extensive than the others. 
The Izard and Sylamore were laid down over a more nearly base-leveled sub- 
merged land, while the Polk Bayou, Cason, and St. Clair seem to be restricted to 
comparatively limited, shallow troughs causing narrow indentations of the old 
shore lines. As may be expected, therefore, the most convincing evidence of 
unconformity seen in the field occurs along the borders of the areas containing 
the Polk Bayou and St. Clair limestones. The St. Clair is even more restricted 
in extent than the Polk Bayou, and in the borders of the troughs in which both 
occur the eflPect of erosive agencies is more obvious than in their central parts, 
to which, as a rule, the St. Clair limestone is limited. 

The upper surface of crystalline limestones, such as the Polk Bayou, always 
breaks up into bowlders or becomes strongly undulating under ordinary processes 
of weathering. From observations made in the vicinity of St. Joe, Ark., it is 
evident that this limestone weathered in Silurian and Devonian times just as it 
does now, the top of the Polk Bayou, where it is covered by the shales of the 
Sylamore formation, showing roughly rounded prominences 2 to 3 feet in height. " 

The other unconformities are not so clearly defined structurally, first, because 
the erosion did not for various reasons result in so uneven a surface as that of 
the Polk Bayou and to a less extent of the St. Clair limestone, and, second, the 
greater or smaller remnant of the Key sandstone, which usually occurs between 
the Yellville limestone and the Noel shale or St. Joe limestone member (the 



a A fine section showing Huch a contact occurs in the railroad cut one-half mile northwest of St. Joe, Ark« 
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intervening formations being absent) is broken up into a sand and redeposited 
SO as to form a level floor for the succeeding sediments of the Carboniferous, 
which in these cases come next. This condition is shown very clearly at Eureka 
Springs beneath the typical exposure of the Noel shale (Eureka shale of Branner). 
Here the unconformity is heneath the thin bed of material which caps the 
Ordovician dolomitic limestone, and which has been called '' Saccharoidal sand- 
stone." This reworked deposit accordingh" does not represent the Ke}' sandstone 
of other sections, but is a much younger formation — possibly earl}^ Mississippian 
in age. 

Where the erosion was not deep and left a considerable portion of the Key 
sandstone, as originallj" deposited, the reworking and leveling of the loose sand 
grains could scarcelj^ have failed to completely obscure all satisfactory evidences 
of unconformity, so that, even with good exposures, it would be almost futile 
to look for them. In these cases paleontology or stratigraphic position onl}^ may 
be used in demonstrating the hiatus. 

EVIDENCE UPON WHICH THE CORRELATIONS ARE BASED. 

The fossil contents of a formation can not be discussed satisfactorily without 
ample illustration. Good figures tell their own story, and therefore furnish inde- 
pendent evidence upon which the experienced paleontologist may rely chiefl}' in 
summing up the evidence presented by an author. Without them the reader is 
obliged to depend solely upon lists of fossils, and the value of these, naturally, is 
in proportion to the experience and ability of the author in making exact specific 
discriminations. In making stratigraphic correlations the paleontologist often 
depends largely upon evidence furnished by undescribed species and varieties 
which are found in the beds that he is endeavoring to classify, and which perhaps 
may be known to him alone to occur also in the well-known or at least better- 
known formations with which he correlates the horizons in question. This 
evidence, which it is difficult under any circumstances to present ftHtisfactorily, 
may, indeed, be of paramount impoilance in deciding the question of equivalence. 
The last consideration is furnished in several instances by the Paleozoic section in 
northern Arkansas, notably the Yellville, Polk Bayou, Batesville, and FayetteviWe 
formations. 

ORDOVICIAN FORMATIONS. 

TellvlUe limestone. — The fossils found in this formation in northern Arkansas 
and southern Missouri indicate at least two distinct horizons — a lower one with 
fossils comparatively rare and poorly preserved, and an upper one, so far not 
recognized in northern Arkansas, containing better and more abundant specimens 
and more species. Besides these there seems to be a third horizon, comparable 
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with the Fort Cassin bed of the Beekmantown in Vermont, and probably hold- 
ing an intermediate position between the other two. The lowest horizon occurs 
beneath the '" Second Saccharoidar' sandstone, which is occasionally recognizable in 
northern Arkansas, 200 or 30O feet beneath the upper, or First Saccharoidal, which 
Mr. Adams proposes to distinguish as the Kej^ sandstone. Still, there is con- 
sidei-able doubt respecting the exact positions of the lower and supposed middle 
fossiliferous horizons, and some careful stratigraphic and paleontologic work, 
involving the Calciferous rocks of the whole country, must be done before it 
will be possible to suggest a satisfactory and approximately permanent classifi- 
cation of these earl}- Ordovician rocks. 

The fossils of the beds under consideration consist chiefly of molluscs, with 
occasionally a few brachiopods and trilobites, and more rarely a sponge or 
sponge-like coral. Bryozoa are wanting entireh'. The specimens, especially in 
the two lower horizons, are nearly always silicified and generally embedded in 
chert. Many of the species are new, and some are not yet determined, but the 
following partial list of species collected from the two lower horizons in Arkan- 
sas will probably suffice to establish the age of the formation: 

Fomhi of Yellville ff/rmaiion. 

Tryblidiiiin ovatum Whitfield. Murchisonia piitilla Sardeson. 

? Ophileta nerine Billingja. i Murchisonia argylensis Sardeson. 

?Ophileta disjuncta Billing?. i Hormotoma artemeeia (Billings). 

Eccylioptenis triangulus (Whitfield). ' Holopea? obesa Whitfield. 

StraparoUus iiitralobatus Sardeson. Subulites exactns Sardeson. 

Raphistoma minnesotenais (Owen). • Orthocenw laniarcki Billings. 
? Pleun)tomaria? postuniia Billings. 

The apparent absence of the upper or Shakopee fauna'* in the Yellville 
limestone possibly is due to the absence of that horizon in the Magnesian lime- 
stone series in northern Arkansas. In that case the Yellville limestone would 
almost certainly be equivalent to the Oneota limestone of the upper part of the 
Mississippi Valle}-, in which most of the fossils of the above list occur. The 
Key sandstone in that case might be regarded as an increased development of 
the New Richmond sandstone of Wisconsin and Minnesota, which there separates 
the Oneota from the overlying Shakopee. It is very doubtful, however, if this 
view of the Yellville limestone can be justified. On the other hand, the fact 
that the Shakopee fauna occurs in excellent development beneath a sandstone 
that can not be distinguished from the Key sandstone at a locality in Christian 
County, Mo., less than 00 miles northwest of Yellville, rendei's it highly 
probabl}" that this fauna is included in the Yellville formation and was merely 

a This fauna has been partially worked out by Sardeson in hi-i i>ap<'r on The fauna of the Ma^^nesian series: Bull. 
Minnesota Acad. N'ai. Sci., vol. 4, No. 1, 1896, pp. 92-105. 
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overlooked in the rather hurried search for fossils in the vicinity of Yellville. 
Besides, on account of the abundant waste from the overlying sandstone, outcrops 
of the horizon are comparatively infrequent. Again, it is a well-known fact that 
in magnesian limestones the faunas are very unequally distributed, and generally 
restricted to thin, intermittent bands, so that they may not onh^ be easily over- 
looked in any given section, but may be absent locally. 

The base of the Yellville limestone has not been determined, but as described 
by Mr. Adams it includes only beds of Ordovician age. As the lowest rocks in the 
Yellville quadrangle are very near, if not beneath, the base of the Ordovician, 
his definition amounts practically to saying that the Yellville is limited below by 
the base of that system. The divisional line between the Ordovician and the upper 
Cambrian, however, is very indefinite nearly everywhere in America, and it will 
therefore be no easy matter to fix the basal limit of the formation. In the writer's 
opinion the formation should extend downward to the first unconformity, or to 
the first impoi-tant lithologic change, beneath the strata exposed in the t^'pe locality. 
If the extremely cherty lower fossil horizon near Yellville is, as appears highh^ 
probable, the equivalent of the Potosi limestone of the Missouri section, then the 
base of the formation is likelj' to correspond with Nason's "Edgewise bed" of the 
same section, and thus include — like the "Magnesian series" of the upper Missis- 
sippi Valley, the Arbuckle limestone of Indian Territory, and the Knox dolomite 
of the Appalachian region — upper Cambrian as well as lower Ordovician strata. 
According to this conception, the Yellville limestone embraces the interval repre- 
sented in Missouri by the formations intervening between the base of the Crystal 
City or St. Peter sandstone at the top and the unconformity marked by the 
limestone conglomerate occurring in the shales and shaly limestones which separate 
the Potosi hmestone from the middle Cambrian limestone at Bonne Terre. It 
becomes^ then, also the exact, though thinner, equivalent of the Arbuckle limestone 
of Indian Territory and Texas. 

Key sandstone, — The only fossil remains obsei'ved in this sandstone ar^ of a form 
of ScoUthiis. The vertical tubes vary from 1.5 mm. to 2.0 mm. in diameter, are 
nearly straight, and pass entirely through layers 6 to 8 inches in thickness. 

The age of this and equivalent formations could not be established if fauna\ 
evidence alone were depended upon, since their fossils are extremely rare and, in 
consequence of the nature of the sediments, very poorl}^ preserved. The strati- 
graphic position and unusual lithologic character of the Kej^ sandstone, however, 
furnish criteria that are believed to be incontrovertible. In the first place the 
constant position of the sandstone next above magnesian limestones, which, 
when they are at all fossiliferous, always hold the highh^ characteristic Shakopee 
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fauna, definitely fixes the older limit of its age. In Minnesota, Wisconsin, Iowa, 
and Illinois, the St. Peter sandstone holds precisely the same position, while in 
Missouri the same interval is occupied by the '* First Saccharoidal " or Crystal City 
sandstone, and the Cap au Gres sandstone. The last is another and more recent 
name applied by Keyes^ to the same formation in the Hannibal, Mo., and Calhoun 
County, 111., uplift which crosses Mississippi River above the mouth of Illinois 
River. As the term Crystal City sandstone is the first geographic name applied 
to the formation in Missouri, it is to be understood that when that name occurs 
in this discussion it refers to all the outcrops in the State that can be correlated 
with the sandstone at Crystal City. 

The equivalence of the St. Peter and Crystal City sandstones is established 
by not only the rocks beneath them, but also by the age of the oldest rocks 
above them. The rocks immediateh'- overlying the Crystal City sandstone in 
Missouri vary considerablj^ it is true, at different localities, ranging from oldest 
Stones River to the St. Joe member of the Boone limestone. This variation is 
due chiefly to nondeposition of the intervening formations, but doubtless also 
in part to pre-Carboniferous erosion. Still, where the section is most complete, 
the Crystal Cit}' sandstone is followed, apparently quite conformably, by the 
"First Magnesian" or Joachim limestone, as it is called by Winslow, and this, 
unconformabh^ as the writer was recentlj^ enabled to establish in Ste. Genevieve 
County, Mo., b}" rocks equivalent to the Ridley limestone of the Stones River 
group in Tennessee. In the upper Mississippi Valley, as a rule, the section 
above the St. Peter sandstone appears not to begin with a well-defined horizon 
that may be correlated with the First Magnesian in Missouri, but in most cases 
observed by the writer the St. Peter was succeeded unconformably by strata of 
Stones River age. 

In other places, however, especially near Mississippi River, from a few 
inches to perhaps 4 or 5 feet of greenish shale or clay intervened between 
the top of the St. Peter and the base of the Stones River. This greenish shale 
bed is the only stratum in the upper Mississippi sections that can be correlated 
with the Joachim limestone of the Missouri section. The suggested correlation 
in rendered at least probable by the fact that (1) the Joachim limestone, occa- 
sionally at least, contains considerable clayey matter, and (2) nothing of essential 
importance antagonizing the view is known. 

Recapitulating the stratigraphic evidence, it is seen that the Shakopee occurs 
next beneath both the St. Peter sandstone and the Crystal City sandstone. Next 
a]x)ve the Crystal Citj^ sandstone is the Joachim limestone, followed unconform- 
ably by early middle Stones River limestone; and above the St. Peter are 

aProc. Iowa Acad. Sci., vol. 4, 1898, p. GO. 
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Stones River rocks, either resting directly upon the sandstone or separated from 
it by a thin clayey bed that may very well be the equivalent of the Joachim. So 
far, then, as stratigraphic position is concerned, it will be seen that the limit of 
uncertainty respecting the exact equivalence of the two sandstones is extremely 
narrow. 

Lithologically, there is absolute!}^ no constant difference between the St. 
Peter and Crystal City sandstones. Both consist almost entirely of looseh^ 
cemented rounded grains of translucent quartz, and practically every feature of 
the one may be duplicated in the other. Except where it can be shown to have 
been reworked or otherwise changed b}" subaerial agencies prior to its resuV)- 
mergence in subsequent Paleozoic times, the Key sandstone is in all essential 
respects lithologically identical with the Crystal City and St. Peter sandstones. 
Admitting the inclusion of the Shakopee horizon in the Yellville limestone the 
only reason that may be urged against a positive correlation of the three sand- 
stones is the absence in northern Arkansas of the First Magne^ian or Joachim 
limestone and Stones River rocks which overlie and limit the Crystal City sand- 
stone in Missouri and the St. Peter sandstone farther north. Because of the 
nature of the deposits, it is extremel}'^ unlikely that fossils can ever be found to 
establish the identit}" of the Key sandstone and the two other sandstones with 
which every available line of evidence unites it. Neither is it likely that their 
identity can be established by tracing the formation, either above or under 
ground, from exposures of Crystal City sandstone to those of the Ke}" sandstone, 
since both sandstones have been removed by pre-Carboniferous erosion over a 
large part of the area intervening between their typical exposures. On the 
other hand, however, it is even more difficult to prove that the Key sandstone is not 
strictly an extension of the Crystal City and St. Peter sandstones. Indeed, not 
a single argument presents itself that is not negatived by facts mentioned in 
support of the writer's contention that the three sandstones all represent one 
and the same geologic formation. 

Izard limestone, — No fossils that could be specifically identified were obtained 
from this limestone in Arkansas, but in its lithologic characters and stratigraphic 
position it corresponds so well with the upper part of the Viola limestone of the 
Arbuckle and Wichita Mountains of Indian Territory and Oklahoma, that paleon- 
tologic evidence is scarcely necessary to fix its horizon in sti*atigraphic classifi- 
cation. What is regarded as the equivalent of the Izard in the Viola limestone 
is also extremely unfossiliferous in the Arbuckle Mountains. But it is there, 
the same as in northern Arkansas, followed by that member of the Richmond 
group to which Branner has applied the name Polk Bayou limestone. The lower 
and middle parts of the Viola limestone, on the other hand, afford a number of 
4638— No. 24—04 7 
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species of fossils indicating an age extending from earl}'. Trenton to and perhaps 
through Utica and possibly Eden (? = Frankfort). 

Polk Bayou limestone, -With a list of fossils like the following there can be 
no doubt concerning the exact age of this limestone: 



Fossils of Polk Bayou limestone. 



Leioclema wilmingtonense Ulrich. 
Monotrypella quadrata Rominger. 
Dalmanella jugosa James. 
Dalmanella macrior Saixieson. 
Platystrophia acutilirata Conrad. 
Plectorthis kaiikakensis McChesney. 



Dinorthia proavita WincheJl and Schuchert. 

Rafinesqiiina kingi Whitfield. 

Rhynchotrema capax Conrad. 

Bead-like joints, one quarter inch thick, of the 

column of an undescribed crinoid — highly 

characteristic of the horizon. 



All of the above fossils are characteristic of the Richmond and most of them 
of that phase of the group that is developed chiefly west of the eighty-seventh 
meridian. The Fern vale formation of Middle Tennessee" represents practically 
the same horizon. 

The Polk Bayou limestone and the following Silurian and Devonian forma- 
tions occur only at irregular intervals around the southern border of the Ozark 
uplift. This irregular distribution evidently is due almost entirely to the fact 
that the portions now exposed were laid down in generalh' narrow troughs or 
embayments of the Ozark shore line. Beginning with the Polk Ba3'ou sea, these 
bays were successivel}' occupied bj' the St. Clair and Sylamore seas, but as a 
rule it appears that the axes of the troughs gradually moved westward, causing 
the western edges of the embayment formations to advance and the eastern edges 
to retreat geogmphically. The deposition of these formations in embayments of 
a shore line is indicated, the same as those recently described and mapped in 
middle Tennessee by Hayes and Ulrich,** by the fact that the highest strata, 
where erosion has not removed them, reach farthest. Occasionally, also, espe- 
cially in the case of the Sylamore formation, the deposits are sometimes conglom- 
eratic and generally coarser along their borders than in their more central parts. 

SILURIAN FORMATIONS. 

/St, Chiir limestone, — Prof. H. S. Williams has published long lists of fossils 
from this formation.* Many of the species cited b}^ him do not occur in the 
material secured by the writ-er, and these absent species are more especially those 
that are to be considered indicative of the Niagara age. This may be explained 
by assuming that there is a higher Silurian horizon near Batesville than those 



n Description of Columbia quadrangle: Geologic Atlas U. S., folio 95, U. S. Geol. Survey, 1903. 
l»Ann. Kept. Arkansas Geol. Survey for 1892, vol. 5, 1900, pp. 286-289. 
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examined by Mr. Adams and the writer. Our collections contain many of the 
species named in his lists, besides a few that are not mentioned by him. The latter 
may have been listed under names that the writer can not accept for them. The 
fauna as known contains a number of species common to the Clinton and Niagara, 
and none, or only a few, that according to our present information are restricted 
to the Niagara. Aside from these possible exceptions most of the described 
species are known to occur in the Clinton of Ohio and in the rocks of Indiana, 
Kentucky, Tennessee, and Georgia that have been correlated wnth the Ohio Clinton 
by Foerste. The same horizon occurs also at the base of the Hunton formation 
in the Arbuckle Mountains of Indian Territory. 

As was first pointed out by Williams, ^ and later by Van Ingen,* the fauna 
contains two unusual and interesting features. First, the number of European 
Silurian species contained in it that had not been before recognized in America: 
and, second, the diminutive size of many of the species, only a few reaching the 
usual dimensions of the same species in other areas. 

The following list comprises most of the characteristic species: 

Fossils of *Slf. Clair limestone. 



Streptelasma caly cuius Hall. 
Phsenopora multifida (Van Cleve) Hall. 
Dalmanella elegantula Dalman. 
Dinorthis fausta (Foerste). 
Triplecia ortoni Meek. 
Mimulus, sp. near waldronensia (Miller). 
Plectambonites transversalis (VVahl. ). 
Strophonella ? paten ta (Hall). 
Leptaena rhomboidalis (small variety). 
Spirifer radiatus Sowerby. 
Platyofitoma niagarense Hall. 
Conocardium (three new si)ecie8). 



Acidaspis obeoleta Van Ingen. 

Proetus corrugatus Van Ingen. 

Calymene vogdesi Foerste. 

Dalmanites arkansanus Van Ingen (near worth- 

neri Foerste). 
Sphserexochus romingeri? Hall. 
Sphaerexochus pisum Foerste. 
Ceraurus, near niagarensis Hall. 
Illjenus; 2 new species near mad isonensis Whitfield. 
Lichas nereus Hall. 
Arges arkansanus Van Ingen. 
Arges phlyctenoides (Green) Van Ingen. 



The St. Clair limestone has been observed only in association with the Polk 
Bayou limestone, from which it is sometimes separated by a variable but never 
heavy bed of shale, to which Prof. H. S. Williams has applied the name Cason 
shale. Along the shores of the Ozark island both the Cason and the St. Clair 
seem to be confined entirely to the troughs formerly occupied b}^ the late Rich- 
mond sea, and are even more restricted in lateral extent than the Polk Bayou 
limestone that resulted from the former occupation. The writer has seen no 
evidence of erosion at the top of the St. Clair limestone (as restricted), but some 
effects of that kind might be expected, as a result of the elevation of the area, 



a Am. Jour. Sci., 3d ser,, vol. 48, 1894, pp. 326-331, and Ann. Kept. Arkansas Geol. Survey for 1892, vol. 6, 1900, p. 288. 
frSUoiic fauna near Bateaville, Arkansas: School of Mines Quarterly, vol. 22, 1901, p. 327, and vol. 23, 1901, p. 34. 
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which lasted through the remainder of Silurian and the greater part of Devonian 
time. Erosion effects on the underlying Polk Bayou were observed only along 
the edges of the bays where the Devonian Sylamore formation rest^ on it. 
Coupling this fact with the other — that the geographic distribution of the St, 
Clair formation is even more restricted than the Polk Bayou — it may be justly 
argued that the later formation occurred only in the bottoms of the troughs, 
which position naturall}^ would protect it against erosion agencies. On the other 
hand, and in accord with observed facts, erosion would have had free play on 
the elevated borders of the troughs. 

Concerning the underlying Cason shale, its position leads one to suspect that 
it is equivalent to the Sylvan shale of the section in the Arbuckle Mountains, in 
Indian Territory, and to a similar thin and local shale that overlies the Polk 
Bayou-Richmond horizon in sections along Mississippi River between Kimms- 
wick and Sulphur Springs, Mo. Again, it is possible that all three of these 
shales are to be correlated with part or all of the Thebes sandstone and shales, 
which occupy the interval between the Richmond horizon and fauna mentioned 
and the Girardeau limestone, in the vicinity of Cape Girardeau, Mo., and Thebes, 111. 

Under proper conditions the Cason shale may prove to be phosphatic. An out- 
crop of this shale near Duff contained numerous dark pebbles that certainly looked 
very much like others that were tested and found to be highly phosphatic. As is 
now well known, most of the late Ordovician, as well as the Devonian formations, 
on the western shore of the Nashville island contain local deposits more or less rich 
in calcium phosphate. As the conditions about the western and southern shores of 
the Ozark island during at least a part of the time were not unlike those that pre- 
vailed in Tennessee, similar, though perhaps less extensive and poorer, deposits of 
this mineral may be expected in Arkansas. 

DEVONIAN FORMATIONS. 

Sylumo7'e fonnatioix, — Aside from a small Lingula that may be the same as 
Z. spattdata of the Genesee shale of New York, and some conodonts, this formation 
has afforded no invertebrate fossils. Both the Lingula and the conodonts, 
however, may be classed among the characteristic upper Devonian fossils, while 
it is certain that the same forms are found in the Chattanooga shale of Middle 
Tennessee. The only other fossil seen from this horizon in Arkansas is an 
imperfect fish bone, about 5 inches long, 2 inches wide, and possibly one-half inch 
thick, that may be one of the mandibles of a species of Dinichthys. The specimen 
is embedded in sandstone. Bones of apparently the same fish occur in the Swan 
Creek phosphate bed of the Chattanooga shale in Tennessee. 

This formation consists of phosphatic sandstone and conglomerate, and dark, 
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often fissile, shale. The sandstone is composed chiefly of rounded grains of quartz, 
evidently derived from neighboring areas exposing the Key sandstone, and more or 
less phosphatic matter. The latter is often confined to black, clayey, nodule-like 
pebbles. On the whole the Sylamore formation impresses one as composed of 
the waste of a near-by shore, and thus agrees, not onl}^ in its faunal and physical 
characters, but also in its origin, with the Chattanooga formation as developed in 
middle Tennessee. In the latter area the Chattanooga formation represents and 
doubtless is a direct continuation of the overlapping upper part of the Ohio shale 
of Kentucky and Ohio. 

CARBONIFEROUS FORMATIONS. 
LOWER MISSI8SIPPIAN FORMATIONS. 

Noel shale and Booiie VnnesUme, — The fossils collected from these horizons 
were turned over to Dr. (reorge H. Girty. The early Mississippian age of this 
interval being pretty well established, lists of fossils from its members are not 
so essential as from some of the higher Carboniferous horizons. Being familiar 
with the Bryozoa, the writer was able to identify in the field most of the species 
of that class. Among them were three species of the remarkable genus 
EvactinopfYtyt^ viz, H. yrandin Meek and Worthen, t!. nexradiata M. and W., 
and E. qulnqueradiata Ulrich. These occurred near the base of the St. Joe 
limestone member, one-half mile west of St. Joe. The only other known 
occurrence of these species is in the vicinity of Burlington, Iowa, where thev 
occur in the lower half of the Burlington limestone. Extraordinary forms like 
those of Evactinoptmi alwaj^s are comparatively short lived, hence they may witli 
much confidence be regarded as holding the same horizon in Arkansas and Iowa. 
Assuming that this is true, then the underlying Noel shale ina}^ on stratigraphic 
grounds alone, be correlated with the Kinderhook and since the evidence of the 
few fossils seen from this shale is all in favor of this correlation, there is little 
or no reason for doubt as to iU correctness. 

The Noel shale corresponds in position and lithologic chaiucter and doubtless 
is equivalent to the shale sometimes found at the base of the TuUahoma formation 
of middle Tennessee.^ The remaining cherty portion of the Tullahoma is equiv- 
alent to the Boone limestone of Missouri and Arkansas and practically' to the 
Fort Payne chert of Alabama, Georgia, and East Tennessee. 

The cherty^ limestone of the Boone, which makes up the upper and greater 
part of the formation, was determined in the field, on fossil and stratigraphic evi- 
dence, to be of Keokuk age. Beneath this portion of the formation and sepa- 
rating it from the typical, often pink, St. Joe limestone member, is, at least 

« Description of the Columbia quadrangle: Geologic Atlas U. S., folio 96, U. 8. Geol. Survey, 1903. 
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locally, ^ sparsely eherty, subcrystalline white or gmy limestone, generall}' con- 
taining Spinfer logani in abundance, that would be more appropriately referred 
to the St. Joe limestone member than to the overlying member. If this arrange- 
ment were adopted the divisions of the Boone formation would correspond essen- 
tially, if not exactly, with the Burlington and Keokuk divisions of Williams's 
Osage group in the Mississippi Valley north of St. Louis. This white or gray 
limestone probably is included with the beds to which Williams^ has applied the 
name of Carrollton limestone, but as the section at CarroUton, Mo., seems to con- 
tain also the lower part of the more highly eherty upper member, the adoption 
of the name, except with a modified meaning, would not secure the desired dis- 
crimination between the Burlington and Keokuk horizons in the Boone limestone. 

UPPER MlSSISSIPPIAN FORMATIONS. 

On accoui^t of impei-fect stratigraphic comparisons and erroneous correlations 
the Arkansas geologists caused considerable confusion in the nomenclature of the 
formations above the Boone chert. Probably the most noteworthy of the results 
of the Surve3^'s recent ^^tratigraphic work in northern Arkansas is the correction 
of current errors and the determination of the true sequence of the Carbonifer- 
ous formations and their equivalents in the much better known section along 
Mississippi River. 

Moi/rejidd sJude {Fayetteville shale^ in part^ of Branner). — No fossils were 
found in this formation, but as the exposures examined were not favorable to 
their preservation, and, moreover, since no determined effort was made to 
secure organic remains, the formation may not be entirely barren. 

A few miles northwest of Bates ville there is a local deposit of highly fos- 
siliferous limestone and limy shale which Prof. H. S. Williams has called the 
Spring Creek limestone. Apparently this calcareous formation rests on the 
Boone formation and underlies the typical Moorefield shale. If this is its true 
position it must represent a part of the hiatus that usually occurs between these 
two formations. As the outcrop of the Spring Creek limestone corresponds 
geographically with the trough near Batesville containing the Polk Bayou and 
St. Clair limestones, it seems likely that this trough was submerged prior to the 
wider submergence that resulted in the deposition of the Moorefield shale. It 
is to be regretted that at the only known locality for the Spring Creek limestone 
its relations to overlying beds are obscured by a small fault. Still, there is little 
room for doubt that this formation underlies the Moorefield shale, while the 
increase of argillaceous matter toward the top of the exposure probably indicates 
that the calcareous beds grade upward into the shale. ThT)ugh of small conse- 

a Ann. Rept. Arkansas Geol. Survey for 1892, vol. 6, 1900, p. 334. 
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quence areally, this calcareous formation is too important geologically to be 
entirely neglected in the classification of the Mississippian rocks of Arkansas. 
Perhaps it is sufficiently accounted for b}'^ ranking it as a member of the Moore- 
field formation. 

The age of the Spring Creek limestone is determined less by its own fovssils 
than b}^ its stratigraphic position and the faunas of the formations above and 
beneath it. If the overlying Batesville formation is, as the writer believes, early 
Chester in age (Ste. Genevieve and Cypress) and the upper part of the Boone of 
Keokuk age, then the Spring Creek limestone member must fall in between 
the two. Several points might be discussed in the effort to narrow the choice, 
but it must suffice for the present to state that the most probable date of its 
deposition is the St. Louis age. In estimating this opinion it is to be remem- 
bered that the writer considers the St. Louis as a distinct formation overlying 
the Spergen Hill formation, and both of them as overlying the Warsaw. 

Mr. Stuart Weller, who gathered most of the material from this limestone 
reported on by Professor Williams,** evidently secured more material and spe- 
cies than the writer, whose collections, however, include all the strange species 
that give the fauna so peculiar an aspect when compared with more eastern 
faunas of similar age. Particularly notable among these are three brachiopods, 
one a Lelorhynchm^ probably correctly identified by W^illiams as Z. papyraceous 
Meek; the second, RhytxhoneJla eui^ekemls Walcott, and the third, a Spinfet\ more 
closely related to the European S, hmdcatus Sowerby than to any American 
species. The first two of these species occur in Nevada in beds variously iden- 
tified as Devonian or Carboniferous, though now almost certainly to be referred 
to the latter. 

As to the associated species, of which Williams lists about 35,* there are 
none, unless the form identified with Amhociella planoconi'exa (Shumard) may be so 
considered, seriously opposing an assignment of the bed to the St. Louis age. 
On the other hand, Emnetria marcyl (Shumard), the Producti of the types of 
P, cestrteuHW and P, cora^ and most of the specifically identified Pelecypoda and 
Gasetropoda clearly prove that the bed is not older than Warsaw. Considering, 
further, that the overlying Batesville formation is certainly not younger than 
early Chester, and that it most probably represents the Ste. Genevieve limestone 
and the Cypress sandstone of that group, the correlation by Williams and W^eller 
of the Spring Creek limestone with the Warsaw, St. Louis, or Spergen Hill 
formations seems well sustained. ^ 

Williams^ publishes lists of fossils from three other localities that he refers 

a Ann. Kept. Arkansas Geol. Survey for 1892, vol. 5. 1900. b ibid., p. 343. olbid., pp. 353 and 354. 
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to the horizon of the Spring Creek limestone, naniely, Mountain View, Carrollton, 
jtnd St. Joe. In the writer's opinion these faunas belong to the upper shale of 
the Fayetteville fonnation, that is, to the interval l3'ing between the sandstone 
member or lens of that formation and the "Archimedes" or Pitkin limestone. This 
horizon is well exposed and more than commonly fossiliferous at Marshall. 

At its top the Mooretield shale includes arenaceous la3'ei*s, and thus passes rather 
gradually into the Batesville sandstone. There seems to have been no break in 
deposition between the Mooretield shale and the Batesville sandstone, but instead 
a change in kind of material deposited. This change may be readily explained as 
due to the greater area that was being eroded })v the extending river systems 
and by changes in direction, or the inauguration of new currents, during the 
growth of the sea. Tracing the shale northward from Moorefield near Batesville, 
where it seems to have reached its greatest development, it gradually thins out 
on the southern flanks of the Ozark Island, finall}' allowing the Batesv/ille sand- 
stone to overlap and rest on the Boone chert. In the southern half of the Yell- 
ville quadrangle it is probably wanting as a rule, while its maximum thickness 
here does not exceed 10 feet. At Marshall, where Branner mapped the shale as 
Faj'etteville, and a few miles southeast of St. Joe, the lower part includes a layer 
of oolitic limestone. That the shale at these localities is not the Fayetteville 
becomes evident from the facts brought out in the following discussion of the 
fauna of the Batesville sandstone. 

Batesville sandstone {Batemnlle mndstmie of Branner^ not Simonds; Wyman 
sandstane of Simonds), — The fauna of this horizon has been made the subject of 
a special paper by Mr. Stuart Weller." In this paper he describes 30 species of 
fossils collected at the typical exposures of the formation near Batesville. Thir- 
teen of this number are regarded as new. As a result of his study he correlates 
the Batesville sandstone with the Aux Vases sandstone of Illinois and the Max- 
ville limestone of Ohio. 

A special effort was made to secure a good representation of the fauna of this 
sandstone. Two of Mr. Weller's localities near Batesville were visited, 31 species 
being secured at one and 2(> species at the other. The writer succeeded in 
obtaining the same number of species as Mr. Weller, but not the same forms, 
about one-third of the species collected not being in common. Three other 
exposures were searched with better success, one at Marsball and two in the 
vicinity of St. Joe. The Marshall localit}' afforded 39 species. Onl}' one of the 
St. Joe collections — that from rocks thrown out in digging a well in the village — 
was studied, the number of species amounting to 53. The other lot, secured from 
the basal beds, contained some unusuall}^ good material, but was lost in transit. 

oTranH. New York Acad. Sci.. vol. 16. 1897, p. '281. 
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Excluding the "fucoids," the total number of distinct species making up 
the list from these four localities is 98. Of this number, 41 species occur also 
in the sandstone lens or member of the overlying Fayetteville shale, and these 
should be deducted if the comparisons between the typical Batesville and the 
'"Wyman" sandstone of the other localities are to be entirely tiiistworthy. This 
leaves 57 species to be considered. In judging of the result of the comparison 
it should be borne in mind that the Batesville collections were derived from the 
lower part of the sandstone, those from Marshall represent an horizon nearer 
the middle, while those studied from St. Joe come from the upper 10 feet. 

Of 47 species from the two Batesville localities, which will be treated as 
one, 19 are found beyond the middle of the Fayetteville shale. Deducting these, 
leaves 28 characteristic Batesville sandstone species. Twelve of these occur also 
at either Marshall or St. Joe, or at both, with 8 at the former and 7 at the 
latter locality. Including most of the species of long range, 29 out of 47 Bates- 
ville species have been found also in the *'Wyman sandstone" at Marshall and 
St. Joe. Either proportion, H or }^, representing species common to Batesville 
on the one hand and Marshall and St. Joe on the other, is more than sufficient 
to establish the equivalence of the rocks under consideration. The value of the 
evidence upon which this conclusion is based is considerably enhanced by the 
fact already mentioned that the Batesville collections come from the lower part 
of the sandstone and that the St. Joe locality, whose fossils were studied, represent 
the top. 

According to the collections made by Mr. Adams and the writer, 16 species 
out of a total of 47 are known only from Batesville, while 19 pass into the 
Fayetteville formation; 14. species out of a total of 39 are known onlj'^ from 
Marshall, while 13 occur also in the Fayetteville; and 16 specias out of a total of 
53 occur only at St. Joe, while 28 of the number pass upward into the Fayette- 
ville. As might be expected, the proportion of species passing upward into the 
Faj^etteville formation to the total number is greater in the upper part than in 
the lower. 

The upper part of the formation in the vicinity of St. Joe contains a number 
of interesting fucoids, among them a large Ildmintlioida and a good species of 
Scahtrltuba^ a genus recently proposed by Weller." The same horizon and fossils 
were observed at Batesville also, holding about the same stratigraphic position. 

Weller's correlation of the Batesville sandstone with the Aux Vases sandstone 
of Illinois and Missouri is very close. He seems, however, not to have been 
acquaint<ed with the fauna of the Ste. Genevieve limestone that intervenes, in 
western Kentucky, southeastern Missouri, and southern Illinois, between the 

a Weller, Stuart, Kinderbook faunal studies, No. 1: Trans. St. T^uia Acad. Sol., vol. 9, 1899, p. 12. 
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Cypress sandstone (=Aux Vases sandstone) and the St. Louis limestone. This 
fauna contains many species suggesting the Chester, but almost equally as many 
relating it to the St. Louis. It occupies just the position suggested by the mixed 
St. Louis-Chester fauna of the Batesville sandstone. Indeed, a comparison of 
the Ste. Genevieve and Batesville faunas reveals a considerable number of species 
common to both. It is to be regretted that many of these are new to science 
and, further, that the fauna of the Ste. Genevieve limestone has not yet been 
published. Under the circumstances, therefore, it would be of little value to add 
a list of species to this discussion. 

The Batesville sandstone having been considered by the geologists of the 
Arkansas survey as overlying the Fa3^etteville shale, it followed very naturally 
that when they found a sandstone beneath the shale it had to be considered as 
distinct from the Batesville. Hence, the '" Wyman sandstone" became a necessity. 
The same error concerning the stratigraphic relations of the two formations 
caused them to propose another name for the shale above the Batesville sandstone 
at Marshall. Now that it has been shown that the Batesville sandstone really 
underlies instead of overlies the Fayetteville shale, and that the stratigraphic 
succession is essentially the same about Fayetteville and Marshall, the two names 
Wyman sandstone and Marshall shale naturally fall into the synonym}', respec- 
tively, of the previously named Batesville sandstone and Fayetteville shale. In 
consequence of these corrections of nomenclature the shale beneath the Batesville 
sandstone was left without a name. Being a maj^able lithologic unit south of the 
Yellville quadrangle, Mr. Adams proposes to call it the Moorefield shale. 

At the typical locality the Batesville sandstone attains considerably greater 
thickness than has been observed elsewhere. Here its base is also somewhat 
shaly, but the shale is decidedly arenaceous until the section descends into the 
top of the underlying Moorelield shale. The rest qf the formation, comprising 
much the greater part, is composed of nearl}^ pure sandstone. In the more 
northern exposures, especially those located within the Yellville quadrangle, the 
fresh sandstone is strongly calcareous, some of the beds being more properly 
called arenaceous limestones. As it is to be expected from this change in litho- 
logic character the volume of the formation decreases northwardly, the beds 
becoming at the same time also more diversely fossiliferous with the increase of 
their calcareous constituent. 

Fayetteiv.lle nhale {Fayette tdlle sluile of Shnojids and Branner and Marshall 
shale of Branner), — Until recently this formation has been considered as "almost 
if not completely barren of fossils." As a rule this appears true, but the shale 
contains calcareous and arenaceous bands and lenses that are simpl}'^ crowded 
with organic remains. A large proportion of these also is excellently preserved. 
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The lower half of the foniiation has for several j-ears been known to contain 
calcareous lenses or concretions holding a considerable number of Cephalopoda 
and Pelecypoda, while the upper part, exposed in the railroad cut at Faj'ette- 
ville, has afforded a Batostomella^ a few Brachiopoda, and several mollusks. 

In the course of the writer's investigations a bed of sandstone, more or less 
highly calcareous when fresh, was discovered, first in the vicinity of St. Joe and 
later at Fayetteville. The fossiliferous portion of this bed has a maximum thick- 
ness of less than 10 feet. The result of the stud\' of the fossils from this bed 
is a list comprising 42 species from the first locality and no less than 92 from 
the second. Thirty of the 42 species collected near St. Joe occurred also in the 
Fayetteville collection. Adding the remaining 12 to the 92 found at Fayetteville 
we have a total of 104 species. 

Many of these specie^s are new to science and the majority of these again 
are not known out of Arkansas. A large number, however^ of both old and 
I new species are recognized as forms marking the lower half of the Kaskaskia 

I limestone division (i. e., the middle part) of the Chester group of shales, sand- 

stones, and limestones in Illinois and Kentucky. The writer, therefore, is satisfied 
that the Fayetteville formation represents that portion of the Chester age. This 
opinion is confirmed by the overlying Pitkin limestone, which he is equally confi- 
dent represents an upper part of the Chester group of the Mississippi Valley. 
So far as observed by the wi.ter, the fauna of the Pitkin agrees better with that 
of the upper limestone of the proposed BirdsvilFe formation of the Chester than 
with any of the other divisions. 

In arriving at these conclusions chief reliance is placed upon certain unde- 
scribed Pelecypoda and species of Bryozoa, like Arch! niedt^n cmnixtctu^ Ulrich, 
A. cmnmuniii Tlrich, and ^1. awnlhnHinus Hall, which occur in the Fayetteville 
fauna, and in Kentucky and Illinois are restricted to the basal part of the Birds- 
ville and to the underlying Tribune limestone. 

The Fayetteville formation consists of an upper and a lower shale member, 
with a sandstone lens or wedge between them. The middle member, which may 
represent the Wedington sandstone of this report, appears not to have been 
observed or recognized )>efore at Fayetteville, the typical locality, but it outcrops 
there at several points, notably at the north end of the railroad cut, and, better, 
100 yards or so farther north in a gully on the west side of the track. At both 
of these points the bed is very calcareous, but weathers into a rusty porous 
sandstone, crowded with Chester fossils. It is onl}^ about 4 or o feet thick here, 
and possibly disappears entirely or occurs only as occasional lenses farther 
west. At Pilot Mountain, 2 or 8 miles east of St. Joe, however, it consists of 
thin, even-bedded fine-grained sandstones at the top, and layers of similar sand- 
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stones alternating with arenaceous shales below, the whole aggregating a thick- 
ness of 60 feet or more. It is very improbable that the whole of these 60 feet 
are equivalent to the bed at Fayetteville. More likely the lower half represents 
an arenaceous phase of the upper part of the lower shale of the more western 
locality, leaving the upper half, which contains the same fpssils, as the repre- 
sentative of the calcareous sandstone member of the Fayetteville section. The 
upper shale apparently decreases in volume eastward from Fayetteville, being 
either wanting or only a few feet thick in the vicinity of §t. Joe and Pilot 
Mountain. At Marshall, however, this member is as thick as at Fayetteville. 

Wedtiigton sandstone {Bate^viUe sandstone of Simonds), — The writer had no 
opportunity to study this formation in the typical locality, and as no fossils 
were secured there by other members of the Survey, it is impossible to sa}" now 
whether there is a fauna from this horizon or not. According to the evidence 
now available, the Wedington sandstone is a wedge, thickening westward and 
possibly eastward, l^-ing on Fayetteville shale. But whether these underlying 
shales are of the upper or of the lower bed of the Fayetteville formation — an 
important point — is not known." If the upper bed is really not present in any 
of the sections containing the Wedington sandstone, then this sandstone must 
be a later formation, probably overlapping northwaixlh^ and westwardly during 
the time there represented by the unconformity between the Fayetteville and 
Pitkin. This unconformity was definitely recognized in several sections near St. 
Joe, where the upper bed of the Fayetteville .shales is reduced to a thickness 
of 15 feet or less, even before the much greater thicknesses of the upper bed in 
the secti(ms at Marshall and Fayetteville had been examined. With an uncon- 
formity indicating land conditions to the north of these overlapping formations, 
it is quite possible that farther south, where the deeper part of the Fayetteville 
basin occurs, deposition continued through a part or all of the time. This 
deposit would be the Wedington, and it is according to this interpretation iiat 
it has been mapped by Mr. Adams. 

On the other hand, if the land conditions so clearly indicated in the sections 
about St. Joe were more widel}^ extended than is demanded by the view just 
adv^anced, then the Wedington sandstone requires a different explanation. A 
plausible view in that cuse would be that the Wedington sandstone is an 
extension and expansion of the fossiliferous sandstone member above described 
as dividing the Faj'etteville formation into three parts, viz, a lower and an 
upper bed of shales and an intermediate bed of sandstone varying in thickness, 
so far as observed by the writer, from 3 to 60 feet. If the latter view is the 



a An intermittent bed of shale, identified as Marshall shale, is shown in columnar sections published by 
Simonds in his report on Washington County, Ark. As this shale overlies the Wedington sandstone, which he calls 
Batesville sandstone, the writer regards it as highly probable that it Is the partially eroded remnant of the upper 
member of the Fayetteville. 
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correct one, then the Wedington sandstone should be considered as a member 
of the Fayetteville formation rather than as a distinct formation. Otherwise it 
would be necessary to give a new name to either the upper or the lower bed of 
shale, and that would produce undesirable results. Thus, if the name Fayette- 
ville should be retained for the upper member, then it would stand only for 
the lesser and more unequally distributed part of the shale formation for which 
the name was proposed originally. On the other hand, if the lower bed should 
be selected as the more appropriate, the excellent exposure in the i-ailroad cut 
at Fayetteville could no longer be referred to as an example of Fayetteville shale 
because it would then belong to the newly defined formation. 

Though the writer has no intention of taking a definite stand in the matter, 
it yet seems desirable to state that he prefers the second of the two perhaps 
equally plausible interpretations above suggested. 

Pitkin limestone, — The fauna of the Pitkin limestone, heretofore denominated 
Archimedes limestone, is undeniably of Chester age and, indeed, has been so 
considered by all writers. However, the recognition of the Pottsville or early 
Pennsylvanian age of the overlying members of the Morrow formation, necessi- 
tates some modification of views held heretofore. In consequence of the transfer 
of the Brentwood or " Pentremital " limestone, one of the members of the Morrow 
formation, which also had been commonly regarded as of Chester age, from the 
Mississippian to the Pennsylvanian series, it is obvious that the Pitkin limestone 
may now take a higher position in the geologic scale than was assigned to it before. 
As has been stated on a preceding page, the fauna of the Ktkin (Archimedes) lime- 
stone fully warrants placing the formation well up toward the close of the Chester. 
The unconformable contact with the underlying Fayetteville also tends to place 
this limestone high in the Chester group. Under the circumstances, it seems 
to the writer that the Pitkin limestone can not be considered older than the 
upper part of the Birdsville formation, which is the uppermost of the four 
divisions into which the Chester group is divided in western Kentucky. Indeed, 
it is believed that the Pitkin includes beds at the top that are of even later date 
than any Chester strata remaining in the Mississippi Valley sections of that group, 
since the top of the Chester was there subjected to erosion through a longer period 
of time than it was in Arkansas. 

EARLY PENNSYLVANIAN FORMATIONS. 

Marrmo formation, — Counting from the base upward, this formation includes 
the Washington shale and sandstone, the Brentwood (Pentremital) limestone, the 
Coal-bearing shale, the Kessler limestone, and an unnamed bed of shales and 
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sandstones of the geologist^ of the Arkansas survey. Until recently these beds, 
excepting the uppermost, were included, together with the underlying Pitkin 
(Archimedes) limestone and Marshall shale, in the Boston group of Branner, and 
placed at the top of the Mississippian series. The two latter formations, as the 
writer has endeavored to show, are certainly not older than the upper or Kaskaskia 
limestone division of the Chester group, which includes the latest deposits of 
the Mississippian series in the basins east of the Ozark uplift. 

The Morrow formation therefore must represent a later time interval than 
the Chester as developed in the Mississippi and Ohio valleys. That it is not to 
be viewed as an upward extension of the Mississippian series is demonstrated (1) 
by the existence in Arkansas of a well-marked unconformity at the top of the 
Pitkin, which horizon corresponds with the wide spread unconformity at the top 
of the Chester in the Ohio Basin, and (2) b}" the Pennsylvanian aspect of the 
marine faunas of the Morrow. On seeing the stratigraphic relations of the 
various members of the formation to each other, and more particularly'^ to 
the underlying Pitkin, the writer at once came to the conclusion that the}^ are 
3'ounger deposits than an}" Mississippian formations know^n to him. Nor have 
the fossils from the limestones, seen then and since, caused any modification of 
the view expressed in the field. The only questions now remaining unanswered 
are: What are the relations of the Morrow formation to the Pottsville? Are all 
or onl}^ some of its members represented in that great series of shales, sandstones, 
and conglomerates of the Appalachian and more western portions of the Ohioan 
province ? 

As is well known, the Pottsville group embraces many beds beneath the 
strongly conglomeratic (Millstone grit) upper member that constitutes the most 
characteristic and, in man}' areas, the principal or only lithologic unit of the 
group. All parts of the group, and more particularly the portions beneath the 
main conglomerate, seem to have leveled the earth by filling the great hollows 
that had resulted from the emergence at the close of the Chester, and the severe 
orographic movements and subsequent adjustments that followed close thereafter. 
Naturally the group affords everywhere the clearest evidence of its overlapping 
character, the earliest deposits occurring only in the deepest troughs, while those 
of subsequent dates spread wider and wider over the sloping flanks of the anti- 
clinal ridges and domes. 

As a rule, marine faunas are wanting in Pottsville deposits east of the 
Mississippi, and so far none has been described in that region. This is due 
probably almost solely to the turbid condition of the water, which rendered it 
unfavorable to the invasion and development of animal life. Even the few hardy 
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species that may have ventured or possibly were driven in, had but a small 
chance of living in the disturbed waters. 

But were there no areas on the continent in which marine faunas continued to 
exist through at least the earlier parts of the Pottsville epoch? The writer has 
satisfied himself that there were, and that we have in the limestones of the Morrow 
formation the remains of periodic invasions of such faunas; and further that these 
earliest Pennsylvanian faunas existed perhaps without interruption in basins to 
the southwest of northern Arkansas. But the last phase of the problem can not 
be discussed here except to barely indicate the source of the evidence upon which 
the writer's view is based. This is in the Bend limestone and shale of central 
Texas, which is, as maintained b}' Cummins, of Pennsylvanian age and not Mis- 
sissippian. This Texan formation, it is believed, affords perhaps the most com- 
plete or rather the least imperfect record of these as yet little known early 
Pottsville faunas that we are likely to find. 

The occurrence of Pentremites in the fauna of the limestones (Brentwood 
and Kessler) of the Morrow formation" imparts a more ancient aspect to it than, 
according to present knowledge, looks right in a Pennsylvania fauna. This occur- 
rence, however, seems due to local conditions. Pentretnites^ as is well known, do 
not occur in the Far West in rocks correlating with late Mississippian deposits.* 
In the limestones and shales of the Chester group, however, species of this genus 
are extremely abundant — indeed, the genus attained the acme of its development, 
I both in species and individuals, at this time and in the areas embraced by the 

Ohioan province. The stock was still vigorous when the almost general emer- 
gence of the Ohioan province at the close of the Chester partly exterminated it 
and forced its remnants southwestward into the Mississippian embaj'^ment. With 
I the resubmergence of the land that inaugurated the Pottsville epoch the survivors 

I of the stock returned where and when they could; and is it not quite reasonable 

! to expect that the favorable conditions prevailing along the southern shore of 

Ozarkia, as the ancient landmass gathered about the nucleus of the Ozark uplift 
I may be called, would be accepted^ Some of the rest of the Morrow fauna, 

' however, probabl}" came in from the Far Northwest, where, according to deter- 

I a Dr. George H. Girty has brought together and proposes in the near future to describe an excellent collection of 

fossils from these limestones. 

6In a list of fossils published by Meek in 1873 (T. S. Geol. and Geog. Surv. Terr., pp. 468-470) as from "Old Baldy," 
near Virginia City, Mont., two species of Pentremites are Identified, one doubtfully, with well-known Chester species. 
The list comprises 38 species, determined generically. and of these less than half are identified specifically. Meek 
regarded the fossils as probably indicating late Mississippian. but an analysis of his list casts considerable doubt upon 
this determination. It contains no less than 8 names of species that are considered good Pennsylvanian fossils. In 
the light of the Morrow fauna, may not at least a part of the section at "Old Baldy" prove to be contemponineoiu 
with the Arkansas deposits under discussion? 
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minations by Meek (see note on preceding page), ordinary Pennsylvanian fossils 
seem likewise to occur in association with PeritreniiteH. 

The typical section of the Pottsville doubtless contains many beds that, on 
account of the overlapping character of this group of formations, are not repre- 
sented in other sections. It is only the upper or main zone of conglomerates 
that attained a geographic distribution at all comparable to that of the middle 
part of the Pennsylvanian series. It is this conglomeratic zone that is repre- 
sented in the lower Ohio and Mississippi valleys by the Mansfield sandstone of 
the Indiana geologists and in northern Arkansas by the Winslow. We have, then, 
a datum line upon which we may proceed further in the effort to determine the 
stratigraphic equivalents of the Morrow formation in the Appalachian section. 

Mr. David White, whose determinations of Carboniferous fossil plants are 
deserving of the highest confidence, refers the middle or "Coal-bearing shales" 
member to the lower or Sewanee stage of the upper Pottsville. This determina- 
tion is quite acceptable td the writer, except that he would prefer,^ because of 
extensive orographic movements following the Sewanee stage, to call it lower 
Pottsville. However, that point has no immediate bearing upon the questions 
here at issue, the important feature of Mr. White's determinations being that it 
leaves a large series of deposits in the Appalachian section with which the two 
lower members of the Morrow formation may be correlated. 

So far as the writer's limited comparisons of the fauna of the Brentwood lime- 
stone, which underlies, and the Kessler limestone, which overlies the Coal-bearing 
shales, have extended, they have appeared alike in all essential respects. There is, 
therefore, no known reason for believing that the Pentremital limestone belongs to 
an earlier or different group of rocks than is indicated by the plants in the inter- 
vening Coal-bearing shales. Of course, the Morrow sediments beneath these shales 
can not compare in thickness with the beds supposed to correspond in the Appa- 
lachian section; but that can have no adverse effect upon the correlation, since 
the relative thickness of clastic formations depends, aside from other obvious 
circumstances, entirely upon local conditions of the land supplying the material; 
and under average circumstances limestones must have taken longer to form than 
sandstones and shales. Besides, there are localities in the Appalachian region, 
notably the one in which the Greenbrier limestone occurs, in which no uncon- 
formity has been observed between limestones and calcareous shales holding a 
Chester fauna and a following series of rocks that are classed as Pottsville. It 
would, therefore, appear that in such limited areas or troughs sedimentation may 
have continued without interruption from late Mississippian into early, yet unde- 
niable, Pennsylvanian time. If this possibility proves to be a fact, then the 
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Morrow formation, as known to-day, contains no strata quite so old as the earliest 
Pennsylvanian deposits in certain Appalachian regions. Accordingly, providing 
the Fottsville group extends to the base of the Pennsylvanian, the Morrow 
formation must be referred to that group. In the correlation table on a pre- 
ceding page the formation has been so arranged, and the only point connected 
with the writer's estimate of the Pottsville, as given in the table, that may not 
be acceptable to Mr. White and other geologists, is the implied restriction of 
the upper (late) Pottsville to the widely distributed conglomeratic zone and the 
inclusion or the remaining beds in the lower (early) Pottsville. 
4638— No. 24—04 8 
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and topography 16 

Paleozoic formations, correlation table of 90 

Panther Creek, mines and prospects on 84-85 

Panther Creek mine, description of 84-86 

Pcnnsylvanian formations, correlation of 90 
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equivalents of 28 

stratigraphic place of 109, 112 

Pilot Mountain, section through 37 

Pilot Mountain fault, description of 37-38 
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Pilot Rock prospect, description of 68 

Pink spar, occurrence and character of 41 

Pitkin limestone, age of 109 
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correlation of 90, 109 
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correlation of 90 

fossils of 98 

stratigraphic place of 97, 98 

Ponca City prospect, description of 86 

Potosi limestone, equivalent of 95 

Pottsville group, stratigraphic limits of 110 

Prospecting and mining, suggestions relating to 85-86 

Purdue, A. H., aid by 13 

cited on origin of zinc and lead deposits 87 

Pyrite, occurrence and character of 41-42 
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Red Cloud mine, description of 
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correlation of 90 
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Van Ingen, Gilbert, cited on fauna of St. Clair lime- 
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Viola limestone, correlation of 97, 98 

Virginia J. mine, desc*ription of 66 

Wallace Knob prospect, description of 79 

Washington shale and sandstone, stratigraphic place of. 109 

Water Creek, fold near 39 

prospects on 78,80 
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ness of 27 

correlation of 90 
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Wichita Belle prospect, description of 83 
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Winchester mine, description of 80 
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correlation of 90 
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correlation of 90, 104-106 
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correlation of 90 
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lower limit of 95 

ore deposits in 29 

topographic expression of 17 

Yellville quadrangle, area embraced by 13 
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faults in, description of 36-39 

northern part of, geologic map of 18 
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Zinc Basin prospect, description of 73 

Zinc carbonate, occurrence and character of 40 

Zinc ores, discovery of, reference to 14 

Zinc silicate, occurrence and character of 89-40 

Zinc sulphide, metallic zinc in 39 
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